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Introduction 


Location and Stratigraphy of Assemblage 


The spores were obtained from a thin coal seam and its superjacent and subjacent clays in the 
type section of the Golata formation of West-central Alberta (HALBERTSMA 1959). The completely cored 
type section is in the Imperial Belloy 12—14 well, 4338’—4512’, 12—14—78—1W6 Meridian, where it 
is conformably overlain by the Kiskatinaw formation and conformably underlain by the Debolt lime- 
stone, both of Upper Mississippian age (Fig. 1). A marine assemblage occurring with the spores at the 
base of the regressive unit includes Spirifer cf. leidyi Norwoop and Pratren, Archimedes sp., and other 
Megafossils of Chesterian age (C. H. CrickMay, in HALBERTSMA 1959). 


Sample Depths and Lithology 
Imperial Belloy 12—14 


Sample Number Depth Gross Lithology 

Imp. 1707 4385’ Dark grey non-marine shale 

Imp. 443 B (HALBERTSMA) 4385’ Dark grey non-marine shale 

Imp. 1708 4389’ Coal 

Imp. 461 (HALBERTSMA) 4390’ Dark grey non-marine shale 

Imp. 467 (HALBERTSMA) 4430’ Dark grey non-marine shale 

Imp. 468 (HALBERTSMA) 4436’ Dark grey non-marine shale 

Imp. 1709 4473’ Dark grey shale, brackish environment 

Imp. 1710 4500’ Dark grey silty fossiliferous limestone 
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Composition of Assemblage and Comparison with other Areas 


In the shale, below the coal and underclay, flanged Lycospora comprises 40 percent, Apiculatisporis 
baccatus, 30 percent and Punctatisporites spp. 15 percent of the spores (figure 2 A). Miscellaneous 
genera (other than Densosporites and Granulatisporites sensu S., W., B.) amount to about seven percent 
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and include approximately 110 species. In the underclay (base of coal to one inch below) the assem- 
blage changes. This layer contains much woody and cellulosic plant tissue. Flanged Lycospora amounts 
to 45 percent and Densosporites to over 15 percent. The percentage of Apiculatisporis baccatus de- 
creases by half, and considerably fewer species are present. In the coal is found the smallest number 
of species, about 35. Flanged Lycospora has decreased to 15 percent and Densosporites to less than one 
percent. Apiculatisporis baccatus is predominant at 65 percent. Verrucosisporites baccatus is an im- 
portant accessory species. In the shale above the coal, the assemblage is similar to that found beneath 
the coal and underclay, varying only in a few accessory species. The over 100 accessory species com- 
prise three percent of the total. An average histogram for the shales is similar to a histogram for shale 
from the Hardinsburg formation of Illinois and Kentucky (figure 2B). A close coincidence in environ- 
ment is suggested.’ 


A comparison of Golata species to similar species published by Luger and WALTZ, BUTTERWORTH and 
WiırLıams, DyBova and JacHowicz (from the Namurian A), HAcQuEBARD and Barss, and HOFFMEISTER, 
STAPLIN and Ma toy is presented in Table 1. Most published assemblages have been obtained from coals, 
and represent the floras of a specialized environment. Not until advantage is taken of the much larger 
variety of species that occur outside the coal swamp environment will accurate long-range correlations 
on the basis of plant spores be feasible, although very close approximations can be made. Schulzospora 
and Knoxisporites, present in Upper Mississippian — Lower Pennsylvanian deposits of the central and 


! In the tables of relative percentages in HoFFMEISTER, STAPLIN and MarLoy 1955, Cirratriradites may be read directly 
as flanged Lycospora. 
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southern United States, Scotland and European U.S.S.R., are absent from the Golata shale. Monolete 
spores are absent, although Laevigatosporites is present in the much older Banff shale. Few species are 
common to the Golata formation and other published localities (seven to the Hardinsburg formation, 
eight with the Limestone Coal group). If comparisons are restricted to the more frequent species, 
however, the resemblance is more evident. The two most abundant species in the Golata formation are 
the most abundant in the Hardinsburg formation, and are common in the Limestone Coal group (Lyco- 
spora uber and Apiculatisporis baccatus). Species of Densosporites, Auroraspora and Convolutispora 
are also common to these three localities. The form generic comparison as a whole is good, in spite of 
the considerable specific variation. Remysporites, Camarozonotriletes, Tripartites, Procoronaspora and 
several patellate and capsulate forms (Murospora — Tholisporites — Simozonotriletes complex) are 
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present in the Golata formation as well as in the Limestone Coal group. The bulk appearance of the 
European assemblage described by Luger and WaLrz (1938) is similar to that of the Golata shale, although 
specific comparisons are difficult. Only three accessory species from the Golata formation are present 
in the assemblage described by HAcQUuEBARD and Barss. Work at Imperial Oil Limited suggests that their 
assemblage is somewhat older. 

Although ranges are not given for all species by BurrerworrH and Wıruıams, it seems likely that 
part of the Limestone Coal group is equivalent to the North American Chesterian, while the Upper 
Limestone group (and perhaps the uppermost part of the Limestone Coal group) is equivalent to the 
Lower Pottsville portion of the Lower Pennsylvanian. In North America, an assemblage including 
Schulzospora, Laevigatosporites, flanged Lycospora, Apiculatisporis baccatus, Ahrensisporites, Glomo- 
spora and related forms, Knoxisporites of the carnosus and cinctus types, forms similar to Callisporites, 
and ? Camptotriletes cf. juglandilis would indicate a Lower Pennsylvanian age. Such is the assemblage 
of the Upper Limestone group. The assemblages described by Horst (1955) and DyBova and JacHowicz 
from the Namurian A (both with typically Pennsylvanian Reinschospora of bellitas group) are also 
post-Chesterian in comparison with the American type section. Florinites, present in some Lower 
Pennsylvanian (Pottsville) beds of North America, seems to be absent in Eurasian deposits of com- 
parable age (other gymnospermous saccate forms also seem to be earlier in North America than else- 
where). 

A typical Upper Mississippian assemblage would include perispore-bearing genera such as Reti- 
spora, frequent patellate and capsulate forms here assigned to Murospora, Monilospora, Tendosporites, 
Reinschospora of jubata and cervicornuta type, Auroraspora, small Endosporites without reticulate 
bladders, locally abundant Schulzospora, large Convolutispora spp., Tripartites of inciso-trilobus (not 


hi 


rugosus) type, an abundance of flanged Lycospora and Apiculatisporis baccatus, and would exclude 
Ahrensisporites and Laevigatosporites in most cases. Densosporites contains species of value as index 
fossils to both Upper Mississippian and Lower Pennsylvanian beds. 


In terms of the North American section, the relative position of published assemblages would be as 


follows: 
North America 


Lower Pennsylvanian 
Lower Pennsylvanian 


Europe 


Namurian A 
Namurian A 


Location 
Upper Silesia 


Poland, Czech. 


Author 


Horst 1955 
DysovA and JACHOWICZ 


Lower Pennsylvanian Upper Limestone group Scotland BUTTERWORTH and WILLIAMS 

? Lower Pennsylvanian “Visean” 10, IS Sb LE, LugEer and WALTz, pl. 5—6 

? Lower Pennsylvanian Namurian A IU, Ss AX SCHEMEL 1950 

Upper Chesterian Limestone Coal group Scotland BUTTERWORTH and WILLIAMS 
Upper Chesterian UAS TA" HOFFMEISTER, STAPLIN and MALLOY 
Lower Chesterian Canada This paper 

Lower Chesterian “Tournaisian-Visean” UÜFSASER: LuBer and WALTz, pl. 1—4 

? Upper Meramecian 

or lowest Chesterian Canada HACQUEBARD and Barss 


Table 1. Comparison of spore species: 


I Luger and Wa tz, II DyBova and Jacuowicz, III BUTTERWORTH and WiLLiAMs 1958, 
IV HACQUEBARD and Barss, V HOFFMEISTER, STAPLIN and MALLOY, VI HACQUEBARD 1957. 
Symbols — Identical species X, Comparable species +. 
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Apiculatisporis baccatus 
Microreticulatisporites fundatus 
Convolutispora tessellata 
Reticulatisporites intertextus 
Reticulatisporites rudis 
Reticulatisporites aequabilis 
Waltzispora albertensis : Peat 
Triquitrites claim wsitatus NN x 
Lycospora granianellatus 
Lycospora cf. L. micrograna 
Lycospora uber 
Cirratriradites solaris ; 
Camarozonotriletes circumligus 
Reinschospora jubata 
Reinschospora cervicornuta 
Reinschospora sp. A . 
Densosporites landesii . 
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Golata Species 
Murospora cf. Z. intortus WALTZ 
Murospora tripulvinata 
Murospora circumscutata 
MOCLOSPOLGa CCULG CCC RENE umn 
Tendosporites volucricatinus ........ ar 
Endosporites cf. E. macromanifestus . . . . . VI 
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Systematics 


Described are 133 species, varieties and types, 93 new. Nine new form genera are proposed and 
Monilospora is emended. A number of forms with an acorn-shaped distal structure (patella, patina) 
or with the spore body completely enclosed by an outer hull (capsula) are assigned to Murospora Somers. 
These structures are unsculptured and appear to be girdles unless the specimens are examined with oil 
immersion lenses at high magnification, the lenses preferably of planar or flat-field type. 

In order to shorten the text of the species descriptions, the suture length is given as a ratio 
(flanges, girdles, auriculae, patellae, etc., are excluded): 

Suture length: Distance from proximal pole to central body equator. 

Structures or sculpture requiring oil immersion for study are noted. 

In the type and specimen designations, following the sample number, the first digit is the slide 
number and the remaining digits coordinates for the Leitz Ortholux stage. 

Type and supplementary specimens are available for study in the permanent collections of Imperial 
Oil Limited, Technical Services Department, Calgary, Alberta, Canada. 


Genus Chaetosphaerites Feuıx 1894 
Chaetosphaerites ? pollenisimilis (Horst) 
Plate 1, Figures 13—15 


C. pollenisimilis (Horst) BurrerwortH and Wırrıams 1958, p. 359, pl.1, figs. 1—3. 
Illustrated. — Imp. 1707 n. s., 9—37.2 X 115.3; 13 microns. Imp. 1707 n. s., 10—35.8 X 111.2 (fig. 15). Imp. 1707 n.5,, 
9—37.8 X 116.8 (fig. 14). 


Faun sus ty pe A 
Plate 1, Figure 8 
Illustrated. — Imp. 1707, 1—29.4 X 118; 23 X 33 microns. 


Plant spores 


Genus Leioaletes, new genus 


Spores without germinal sutures but occasionally with a few very fine indistinct grooves parallel 
to the long axis of the spore; shape ellipsoidal; sculpture minor. 

Genotype. — Leioaletes aliquandostriatus n. sp. 

Remarks. — Striatosporites Buarpwaj is monolete. Aumancisporites ALrErn 1958 has a number of 
distinct grooves parallel to the short axis. 

Leioaletes aliquandostriatus n. sp. 
Plate 1, Figure 1 

Spores alete; ellipsoidal; occasionally with one or two long very fine indistinct grooves roughly 
parallel to the long axis; surface faintly roughened (oil); spore wall thin, light yellow, does not stain 
readily with safranin; size 27—40 by 50—70 microns. 


No 


Holotype. — Imp. 1707, 4—44.2 X 120.1; 40 X 70 microns. nie 
Remarks. — The spore wall has a textural appearance similar to that of Azonotetraporina ? horo- 


logia n. sp. and is confined to the same interval. 


Genus Retialetes new genus 
Spores alete, but sometimes split along a few fine grooves that originate at one end and parallel the | 
long axis, grooves not seen on unbroken specimens; shape ellipsoidal; sculpture reticulate. 
Genotype. — Retialetes radforthii n. sp. 
Remarks. — Reticulatasporites IsraHım is subcircular, thickerwalled, has heavier muri and less 
angular lacunae, and does not open along fine grooves. 


Retialetes radforthi n. sp. 
Plate 1, Figures 2—3 

Body ellipsoidal; reticulate; muri about one micron wide, lacunae variable, spore otherwise levi- 
gate; germinal processes absent, but spore sometimes split along a few fine indistinct grooves that 
originate at one end and parallel the long axis; color light yellow, does not take safranin stain readily, 
wall thin except where strengthened by muri; size 93—145 microns by 55—90 microns. 

Holotype. — Imp. 1707 n.s., 7—38.8 114; size 90 X 134 microns. 

Remarks. — Named for Professor N. W. Raprortu of McMaster University. Spore coat texture 
similar to Leioaletes aliquandostriatus n.sp. and Azonotetraporina ? horologia n. sp. 


Genus Zonaletes n.gen. 


Alete; circular in outline; shape lenticular; equatorially girdled; sculpture minor. 

Genotype. — Zonaletes hacquebardii n. sp. 

Remarks. — Punctatasporites Isranım 1933 lacks the girdle and is generally spherical. “Aletes” 
Naumova 1939 (fig. 1) appears similar to the form described here. 


Zonaletes hacquebardii n. sp. 
Plate 1, Figure 7 
Body alete; outline circular; girdled; body minutely roughened; girdle levigate, thicker than body; 
size 80—93 microns, girdle 3—6 microns. 
Holotype. — Imp. 1707 n.s., 10—36.7 X 121.8; diameter 93 microns, girdle 5 microns. 


Genus Azonotetraporina TETERIUK 
Azonotetraporina ? horologia n. sp. 
Plate 1, Figures 4, 6 

Alete; two opposing sides concave, the other sides straight or slightly concave and subparallel; 
shape lenticular; surface minutely granulose to faintly roughened (oil); body margin faintly thickened; 
apertures absent on most specimens but some show small arcuate folds at each corner; color light 
yellow, wall thin; size 36—57 microns. 

Holotype. — Imp. 1707, 1—28.7 X 114.6; size 36 microns (fig. 4). 

Illustrated. — Imp. 1707, 1—43.8 X 117; 46 X 57 microns (fig. 6). 

Remarks. — The concavity of the two opposing sides is variable. TETERIUK and NaumMova have com- 
pared similar forms to pollen although the resemblange is extremely superficial. Form genera have 
been proposed by TETERIUK and Naumova (1950, 1956, 1958) for various types of alete or porate grains 
occurring in the Russian Carboniferous. 


Genus Reticulatasporites IBRAHIM 
Reticulatasporites atrireticulatus n. sp. 
Plate 1, Figure 9 
Spores circular; muri thick, heavy, about 2.5—4 microns wide, lacunae variable, 5—10 microns 


across, no secondary sculpture; sutures not seen; spore wall thick, dark brown; diameter 36—42 microns. 
Holotype. — Imp. 1709, 4—28 112.2; 36 microns. 


7e. 


Remarks. — Like many thick-walled dark brown spores, easily destroyed by over-oxidation in pro- 
cessing. Very infrequent. The smaller R. teichmüllerii Buarpway 1957 has smaller lacunae. 


Genus Calamospora S.W. and B. 1944 
Calamospora exigua n. sp. 
Plate 1, Figure 5 


Spores trilete; outline circular; minutely granulose (oil); sutures distinct, simple, length often un- 
equal, ratio less than but occasionally exceeding ‘2; darkened contact area; taperpoint folding and off- 
centre compression common; size 34—43 microns. 

Holotype. — Imp. 1707, 4—34.4 X 113; size 37 microns, maximum suture length 11 microns, minimum 8 microns. 

Remarks. — Minute granulosity and variable suture length are characteristic. C.straminea Wis. 
and Cor is thicker-walled and has equideveloped sutures. C. cf. C. straminea in Horr., Srar., and MALL. 
has less prominent sutures, contact area, and secondary taper-point folding. The levigate C. minuta 
BHARDWAJ 1955 has longer sutures and thicker spore wall. 


Calamospora cf. C. liquida KosankE 1950 
Plate 1, Figure 10 


Spores trilete; circular; levigate to minutely granulose (oil); sutures distinct, simple, length variable 
(shorter than type), contact area often darkened; wall thin, taper-point folding common; size 60—73 
microns. 

Illustrated. — Imp. 1707 n.s., 4—31.3 X 124.7; 73 microns, suture length 12—26 microns. 


Calamospora species A 
Plate 1, Figure 11 
Spores circular; levigate; dehiscence mark not noted; spore wall thin, light yellow, taper-point 
folding common; diameter 65—75 microns. 
Illustrated. — Imp. 1708, 10—41.5 X 111.0; size 69 microns maximum. 


Genus Punctatisporites Isr. emend. Por. and Kremp 
Punctatisporites densiminutus n. sp. 
: Plate 1, Figure 19 
Spores trilete; circular; levigate to faintly roughened; sutures distinct, simple, ratio */3—*/4, may 
appear to have faint narrow lips because of spore wall thickness; spore coat brownish yellow, very 
thick, compression folds parallel to periphery common, often simulating a girdle; diameter 21—30 


microns. 
Holotype. — Imp. 1708, U—40.6 X 121.3; 24 microns. 
Remarks. — Small size compared with thick spore wall characterize this species. The larger 


P. nitidus HoFFMEISTER, STAPLIN and MaLLoy has a thinner spore wall. 


Punctatisporites curviradiatus n. sp. 
Plate 1, Figures 17, 20 

Spores trilete; outline circular; levigate to faintly roughened; sutures distinct, simple, ratio */4 or 
slightly less; spore generally not compressed proximo-distally, causing two of the sutures to appear 
curved; wall thickness moderate, secondary folding slight; diameter 27—43 microns. 

Holotype. — Imp. 1708, 7—29 X 110.4; 33 microns (fig. 20). 

Illustrated. — Imp. 1708, 7—39.6 X 121.3; 43 microns (fig. 17). 

Remarks. — Off-polar compression and resultant apparent curvature of two sutures distinguish 
this species from P. nitidus HOFFMEISTER, STAPLIN and Mattoy. P.obliquus KosankE 1950 is minutely 
papillate. Leschikisporis Por. 1958 has one very short suture. 


en 


Punctatisporites atrifucatus n. Sp. 

Plate 1, Figure 18 | 

Spores trilete; levigate to slightly roughened; sutures very pronounced, simple, ratio a little less | 
than */4; spore wall relatively thick, dark red-brown, folding not common; diameter 45—54 microns. | 
Holotype. — Imp. 1708, 5—27.5 X 120; diameter 50 microns. 
Remarks. — Thick wall and pronounced sutures characterize this species. The thinner P. pseudo- | 
levatus Horr., Srar., and Maui. commonly has arcuate compression folds, shorter sutures. 


Punctatisporites calvus n. sp. 
Plate 1, Figure 26 
Spores trilete; circular; levigate, sutures distinct, simple, ratio slightly more than 2/3; spore wall 
relatively thin, yellow, folding common; diameter 55—62 microns. 
Holotype. — Imp. 1709, 6—33 X 120.2; diameter 58 microns. 
Remarks. — Smaller and thinner-walled than P. aerarius BUTTERWORTH and WILLIAMS. 


Punctatisporites calvus var. macrocalvus n. var. 
Plate 1, Figure 22 
Spores trilete; circular; levigate; sutures distinct, simple, ratio °/s (rarely */4, some variation on a 
single specimen); spore wall relatively thin, folding common; diameter 70—81 microns. 
Holotype. — Imp. 1708, 6—21.7 X 117.2; diameter 74 microns. 
Remarks. — Rare or absent above the coal. P. aerarius BUTTERWORTH and WILLIAMs has a much 
thicker spore wall. 
Punctatisporites? gracilirugosus n. sp. 
Plate 1, Figure 24 
Spores trilete; circular; surface wrinkled, ridges very low, irregular, somewhat anastomose, but 
pattern indistinct even under oil immersion; sutures simple, ratio !/2—*/s; spore wall moderate in thick- 
ness, yellow, generally compressed in a plane slightly off proximal-distal orientation, giving the sutures 
a T-shaped alignment; diameter 44—50 microns. 
Holotype. — Imp. 1708, A—21 X 113; diameter 48 microns. 
Remarks. — Off-centre compression without apparent folds and fine wrinkled surface pattern 
characterize this species. Microreticulatisporites? pollensimilis n.sp. has indistinct sutures and a mixed 
granulose-rugulose pattern. 


Punctatisporites? callosus Horr., Star. and Matt. 1955 
Plate 1, Figure 31 

J. Paleont., 29, p. 392, pl. 39, fig. 7. 

Spores trilete; circular; levigate; sutures distinct, simple, ratio a little less than ?/:; spore wall 
moderate in thickness, brown-yellow, compressed proximo-distally without folding; diameter 60—70 
microns. 

Illustrated. — Imp. 1707, 4—41.6 X 116.1; diameter 70 microns. 


Remarks. — Somewhat larger in size than the type. Very infrequent. 


Genus Phyllothecotriletes Luser 1955 


Spores trilete; outline circular; sculpture minor — absent; sutures distinct, very short, usually 
bounded by darkened contact area; wall thicker than Calamospora, secondary folding minor — absent; 
known size range 28—90 microns. 


Remarks. — Abundant in Upper Devonian sediments of the U.S.S.R. and North America. Not 
common in the Upper Mississippian. | 


To 


Phyllothecotriletes golatensis n. sp. 
Plate 1, Figure 27 
Spores trilete; circular; levigate; sutures distinct, simple, ratio about '/ı; spore wall relatively thick, 
brown, minor folding occasional; diameter 55—60 microns. 
Holotype. — Imp. 461 (HALBERTSMA), 7—51.8 X 118.5; diameter 58 microns, length of suture 7 microns. 
Remarks. — Not common. Easily destroyed if samples are over-treated with oxidants. The geno- 
type, P. nigritellus (LuBER) Luger 1955, p. 37, pl. 1, fig. 6, is much smaller. 


Phyllothecotriletes? belloyensis n. sp. 
Plate 1, Figure 23 

Spores trilete; circular; distinctly granulose under oil immersion; contact area not less granulose, 
faintly darker in color, not extending beyond suture tips; sutures distinct, simple, ratio ?/s or slightly 
less; spore wall yellow, thickness moderate, compressed proximo-distally without folds; diameter 36—40 
microns. 

Holotype. — Imp. 1709, 1—29 X 119.3; 36 microns. 

Remarks. — Contact area and finely granulose spore wall characterize this very infrequent species. 
Assignment provisional. 


Genus Cyclogranisporites Por. and Kr. 
Cyclogranisporites parvulus n.sp. var. parvulus n. var. 
Plate 1, Figure 16 

Spores trilete; circular; very minutely granulose (oil immersion); sutures distinct, simple, ratio °/s 
or slightly less; spore wall deep yellow, thickness moderate, compressed proximo-distally; diameter 
27—30 microns. 

Holotype. — Imp. 1708, 6—19.7 X 110.2; diameter 30 microns. 

Remarks. — C. leopoldii (Kremp) is more coarsely granulose. 


Cyclogranisporites parvulus n.sp. var. microparvulus n. var. 
Plate 1, Figure 21 
Spores trilete; circular; very faintly granulose (oil); sutures distinct, simple, ratio about ?/s; spore 
wall thickness moderate; diameter 19—24 microns. 
Holotype. — Imp. 1709, 7—39.8 X 113; diameter 21 microns. 
Remarks. — C. minutus Buarpway 1957 and C. leopoldii (Kremp) are larger and more coarsely 
granulose. 
Cyclogranisporites parvulus n.sp. var. macroparvulus n. var. 
Plate 1, Figure 25 
Spores trilete; circular; faintly and irregularly granulose (oil); sutures distinct, simple, ratio 8/5 
spore wall thickness moderate, compression folds sometimes present; diameter 38—42 microns. 
Holotype. — Imp. 1708, 6—42 X 114; diameter 42 microns. 
Remarks. — Finer sculpture and longer more distinct sutures than C. minutus BHARDWA]. 
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Cyclogranisporites cf. C. minutus Buarpwaj 1957 
Plate 1, Figure 28 
Cyclogranisporites minutus Buarpwaj 1957 a, p. 83—84, pl. 22, figs. 22—23. 
Spores trilete; circular; granulose, granules variable in size and shape; sutures simple, termini 
indistinct, ratio a little over */s; spore wall moderately thick; diameter 36—42 microns. 
Illustrated. — Imp. 1710, 1—34 X 118; 39 microns. 
Remarks. — The granules appear more variable than in the type. 


Cyclogranisporites tripapillatus n. sp. 
Plate 1, Figure 29 
Spores trilete; circular to convexly triangular; spore margin slightly thickened; surface finely and 
densely granulose (oil), granules somewhat variable; three circular apical papillae near conjunction of 
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sutures; sutures indistinct, simple, ratio over */4; spore wall characteristically brownish-yellow; size 
33—39 microns (one specimen 18 microns). 

Holotype. — Imp. 1709, 4—40.8 X 117.2; 33 microns. 

Remarks. — Apical papillae, best seen at low magnification, and lack of secondary folding charac- 
terize this frequent species. 

Cyclogranisporites triarcuatus n. sp. 
Plate 1, Figure 30 

Spores trilete; circular; sculpture irregular, fine, densely crowded granules; three apical papillae 
near conjunction of sutures; sutures very fine, simple, ratio about ‘/2, interrupted at termini by con- 
cavely arched thickenings of spore wall; spore wall brownish yellow; diameter 52—67 microns. 

Holotype. — Imp. 1709, 4—24.3 113.8; 67 microns. 

Remarks. — Larger size and arched thickenings interrupting the sutures distinguish this infrequent 
species from C. tripapillatus n. sp. 


Cyclogranisporites tenebrosus n. sp. 
Plate 2, Figure 1 

Spores trilete; outline circular; granules irregular, variable, 1—3 microns in diameter (often patchy 
in occurrence), finer at distal polar area and absent from proximal polar area; sutures distinct, ratio 
up to ?/s; lips raised and narrow; spore wall thick, dark red-brown, seldom well-preserved; size 55—66 
microns. 

Holotype. — Imp. 1709, 4—28.2 X 116; 61 microns. 

Remarks. — Thick red-brown irregularly granulose spore wall characterizes this infrequent species. 


Cyclogranisporites? granivarius n. sp. 
Plate 2, Figures 3, 7 
Spores trilete; minutely granulose (oil) on both hemispheres, distal hemisphere and equatorial 
zone also bear low scattered warts about 2.5 microns in diameter; sutures distinct, simple, ratio 4/5; 
spore wall light brownish yellow, thickness moderate; diameter 25—30 microns. 
Holotype. — Imp. 1707, 2—45.3 X 118; 27 microns. 


Remarks. — Distinction between proximal and distal hemispheres usually visible only under oil. 


Genus Microreticulatisporites Knox emend. Por. and Kr. 
Microreticulatisporites? pollensimilis n. sp. 
Plate 2, Figure 2 
Spores trilete; circular; sculpture of ridges and granulations, the ridges fine, short, irregular, in 
part branching (oil); sutures indistinct, seldom visible; spore wall thin, secondary folding common; 
diameter 50—62 microns. 
Holotype. — Imp. 468 (HALBERTSMA), 2—46.2 X 123.2; 58 microns. 
Remarks. — Thin commonly folded spore wall and pollen-like appearance characterize this infrequent 
species. 
Microreticulatisporites parvirugosus n. sp. 
Plate 2, Figure 11 
Spores trilete; circular; spore covered with a fine anastomose network of ridges in part connected 
to form a microreticulate pattern, distal hemisphere less regular and somewhat coarser in pattern; 
sutures distinct, simple, ratio about ?/s; spore wall thickness moderate; diameter 28—36 microns. 
Holotype. — Imp. 1708, 10—22 X 118.3; 34 microns. 
Remarks. — M. lunatus Knox is more coarsely microreticulate. M. punctatus Knox is more evenly 
reticulate. 
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Microreticulatisporites fundatus H., S. and M. 
Plate 2, Figure 8 
M. fundatus HoFFMEISTER, STAPLIN, MaLLoy 1955, J. Paleont., 29, p. 391, pl. 36, fig. 3. M. fundatus 
HacquEBARD and Barss 1957, Geol. Surv. Canada, Bull. 40, p. 17, pl. 2, fig. 14. 
Illustrated. — Imp. 1709, 1—42 X 114.5; 22 microns. 
Remarks. — Reticulatisporites castanaeformis (Horst), DyBova and JacHowicz 1957, may belong here. 
It does not seem to be Horsr’s species. 


Microreticulatisporites? albertensis n. sp. 
Plate 4, Figure 5 

Spores trilete; circular; spore wall minutely vermiculate near equator, becoming even finer toward 
the poles, contact area sometimes almost levigate, ridges tortuous, in part anastomose, scattered very 
small granules on some ridge crests and also individually in the polar areas producing a punctitegillate 
appearance near the poles (oil); sutures indistinct, slightly raised ridges about '/2 spore radius in length; 
spore wall thickness moderate; diameter 32—38 microns. 

Holotype. — Imp. 1708, 6—48 X 122; size 35 microns. 

Remarks. — This species occured only in the coal. 


Microreticulatisporites type A 
Plate 3, Figure 1 
Spore trilete; circular; minutely reticulate (oil); apparent girdle probably results from compression 
of the thick spore wall; sutures distinct, simple, ratio slightly over ?/s; dark amber brown. 
Illustrated. — Imp. 1709, 5—43 X 121.5; size 62 microns. 


Genus Apiculatisporis Por. and Kr. 1956 
Apiculatisporis baccatus (Horr., Stap., MALL.) 
Plate 2, Figures 9, 13 
Punctatisporites? baccatus Horr., Stap., Matyi. 1955, J. Paleont., 29, p. 392, pl. 36, fig. 2. 
Apiculatisporites baccatus (H., S., M.) BurrerworrH and Wırrıams 1958, Trans. Roy. Soc. Edinburgh, 
63, pt. 2, p. 363, pl. 1, fig. 25. 
Illustrated. — Imp. 1708, 6—39.2 121.3; 31 microns (fig. 13). Imp. 1708, 7—33.8 X 126.2; 28 microns (fig. 9). 
Remarks. — Common in Upper Mississippian — Lower Pennsylvanian deposits. Extremely variable 
in form. 
Apiculatisporis baccatus var. densatus n. var. 
Plate 2, Figure 14 
Spores trilete; circular to convexly triangular; finely and densely granulose-spinose; sutures with 
raised narrow lips, ratio over 3/14, variable in prominance; spore coat usually folded or torn; diameter 


18—21 microns. 

Type. — Imp. 1708, 6—22.2 X 123.1; 20 microns. 

Remarks. — Smaller, more densely crowded processes; raised suture lips, and smaller size distinguish 
this infrequent variety from A. baccatus. 


Apiculatisporis baccatus var. raistrickii (Dys. and Jacu.) n. comb. 
> Plate 2, Figure 15 
Apiculatisporites raistricki Dysova and JacHowicz 1957, p. 90—91, pl. 16, figs. 3—4; pl. 17, figs. 1—2. 
Processes up to 4 microns long and about 2 microns in diameter at the base, somewhat variable; 
sutures raised, ratio about 4/5; wall slightly thicker than type; diameter 28—31 microns. 
Illustrated. — Imp. 1707, 2—41.7 X 113; 32 microns. 
Remarks. — Characterized by more pronounced processes and slightly thicker spore wall. 
Type. — Imp. 1709, 4—32.8 X 115.2; diameter 17 microns. 
Remarks. — Large wart-like processes characterize this infrequent variety. 
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Apiculatisporis baccatus var. pauciverrucosus Nn. Var. 
Plate 2, Figure 6 


Spores trilete; circular; sculptured with relatively large scattered warts; sutures not prominent, 
simple, ratio over */4; diameter 17—20 microns. 


Genus Verrucosisporites Isr. emend. Por. and Kr. 
Verrucosisporites baccatus n. sp. 
Plate 2, Figures 4, 10 
Spores trilete; circular; granulose, irregular size and spacing, some coalesced, crowded and wart- 
like, remainder of surface minutely granulose (oil); proximal polar area lacks large granules; sutures 
distinct, simple, ratio 1/2-—2/s (varies from specimen to specimen); wall thickness moderate but secondary 
folding and broken fragments common; diameter 70—104 microns. 
Holotype. — Imp. 1708, A—24.7 X 116.7; 87 microns. 
Illustrated. — Imp. 1708, 6—32.8 X 125.3; 75 microns. 


Remarks. — Apiculatisporis maculosus (Knox) and Apiculatisporis apiculatus (Isr.) in DyBova and 
JacHowıcz 1957 have smaller, coneshaped processes. 


Verrucosisporites baccatus var. microbaccatus n. var. 
Plate 2, Figure 5 


Similar to type, but much smaller. Size 40—55 microns. 
Type. — Imp. 1709, 5—35 X 113.4; 51 microns. 


Genus Convolutispora Horr., Srap., MALL. 
Convolutispora punctatimura n. sp. 
Plate 2, Figures 12, 20—21 
Spores trilete; circular; reinforced with broad over-lapping anastomose ridges, lacunae reduced to 
deep punctations on proximal surface, ridges more distinct and lacunae larger on distal surface; sutures 


simple, fine grooves cutting the sculpture, ratio about '/2; spore wall thick, brownish yellow; diameter 
38—48 microns. 


Holotype. — Imp. 1708, 6—49.8 X 117.5; 42 microns (figs. 20—21). 
Illustrated. — Imp. 1707, 5—34.6 X 119.2; 40 microns (fig. 12). 


Remarks. — The punctate appearance under oil distinguishes this species from C. tessellata. 


Convolutispora tessellata H., S. and M. 
Plate 2, Figure 22 


C. tessellata HoFFMEISTER, STAPLIN and MaLLoy 1955, J. Paleont., 29, p. 385, pl. 38, fig. 9; BUTTERWORTH 
and Wıruıams 1958, pl. 2, fig. 16. 


Illustrated. —- Imp. 1709, 4—43.5 X 123.2; maximum size 53 microns. 
Remarks. — Smaller average size than type. Infrequent. 


Canaliculatisporites spongiatus DyBova and JacHowicz 1957 has coarser ridges. 


Genus Reticulatisporites Isr. emend. Por. and Kr. 
Reticulatisporites intertextus n. sp. 
Plate 2, Figure 16 
Spores trilete; circular; reticulate, muri contorted, about 1.7 microns wide, 1.7 microns high, lacunae 


small; sutures simple, ratio about °/s; spore wall brownish yellow; diameter 38—40 microns. 
Holotype. — Imp. 1709, 4—38.5 X 120.8; 40 microns. 


Remarks. — Finer, more crowded muri and more perfect reticulum than Reticulatisporites type B 
of HOFFMEISTER, STAPLIN and MALLOY. 
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Reticulatisporites exiguus n. sp. 
Plate 2, Figures 17—18 
Spores trilete; circular; reticulate, muri about 1 micron wide and 2.5 microns high, lacunae variable, 
2.2—3.5 microns across, sutures indistinct, simple; spore wall brownish yellow, thickness moderate; dia- 
meter 24—35 microns. 
Holotype. — Imp. 468 (HALBERTSMA), 5—48 X 114.1; 33 microns (fig. 17). 
Illustrated. — Same sample, 4—46.8 X 117.4; 24 microns (fig. 18). 


Remarks. — Present but not common in a number of Lower Carboniferous localities. Smaller 
specimens sometimes lack the typical “flanged” appearance and may represent a distinct species (fig. 18). 


Reticulatisporites exiguus variation A 
Plate 2, Figure 19 
Broader muri and disconnected reticulum characterize this infrequent variation. Muri 1.5 microns 
wide, up to 3.6 microns high, irregular. Diameter 30—34 microns. 
Illustrated. — Imp. 1707, 1—23.7 X 119.7; 30 microns. 


Reticulatisporites rudis n. sp. 
Plate 2, Figure 23 

Spores trilete; circular; reticulate, muri 1.6—2 microns wide, 2 microns high, lacunae variable, 
about 8—12 microns across, thin floors faintly granulose (oil); sutures simple, ratio about ?/s, commonly 
involved in folding of the muri; spore wall brownish yellow; diameter 60—70 microns. 

Holotype. — Imp. 461 (HALBERTSMA), 6—39 X 122; 60 microns. 

Remarks. — Reticulatisporites type A, HoFFMEISTER, STAPLIN and MaALLoy 1955 (p. 395, pl. 38, fig. 13), 
perhaps conspecific, has a slightly coarser reticulum. 


Reticulatisporites pseudopalliatus n. sp. 
Plate 2, Figure 24 

Spores trilete; circular; reticulate, muri 1.2—1.7 microns wide, up to 3.7 microns high, overall sur- 
face including muri very finely granulose (oil); sutures simple, ratio about ?/s; light brownish yellow; 
diameter 48—66 microns. 

Holotype. — Imp. 1709, 4—27.5 X 121.3; 65 microns. 

Remarks. — Characterized by fine granulosity (oil). A true perispore could not be established, 
hence it is not assigned to Proprisporites NEves. 


Reticulatisporites aequabilis n. sp. 
Plate 2, Figure 26 
Spores trilete; outline subcircular; strongly reticulate, muri about 1.5 microns wide and 3.5—4 
microns high; lacunae about 6 microns wide; sutures usually distinct, simple, ratio about */s; folding not 
common; size 58—70 microns. 
Holotype. — Imp. 1707, 13—38.6 X 120; diameter 64 microns. 
Remarks. — The illustration of Azonotriletes evolvens Wattz 1938 (no description) depicts an appa- 
rently similar species. 
Genus Raistrickia S., W. and B. 1944 
Raistrickia golatensis n. sp. 
Plate 3, Figure 2 
Spores trilete; subcircular; processes large, stump-like with rounded to truncate tips that are not 
expanded; sutures distinct, simple, ratio over 4/5 (excluding processes); light amber brown; size 40—55 
microns; processes 3—5 microns long, up to 5 microns wide. 
Holotype. — Imp. 1707 n.s., 10—41.7 X 122; size 50 microns, processes 3—5 microns. 
Remarks. — The larger Raistrickia pallida Dysova and Jacnowicz 1957 has less blunt baculae. 
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Raistrickia boleta n. sp. 
Plate 2, Figures 25, 27 

Spores trilete; outline roughly circular; processes large, mostly expanded at tips to resemble mush- 
rooms, on some specimens greatly elongated and elator-like, processes connected with high narrow 
muri to form an irregular reticulum; sutures simple, ratio about */1 (excluding processes); color generally 
brown, preservation usually poor; processes 12—14 microns but occasionally to 35 microns; spore body 
excluding processes 60—76 microns. 

Holotype. — Imp. 1707 n. s., 6—27.1 X 127.6; 90 microns overall, 72 microns excluding processes (fig. 27). 

Illustrated. — Imp. 1709, 1—21 X 123.5; 75 microns, 60 microns excluding processes (fig. 25). 

Remarks. — Not uncommon, but nearly always corroded. 


Genus Deltoidospora Miner 1935 


Simple levigate triangular trilete spores are assigned to Deltoidospora in this report. The argument 
that there is a separation in time between Mıner’s species and species referred to Leiotriletes has little 
validity where form genera are concerned. 

The legitimacy of Leiotriletes (Naum.) Poronık and Kremp 1954 is questionable. Most species des- 
cribed by Naumova are circular in outline (1944, 1950, 1953), although triangular forms were also des- 
cribed in 1953. The taxon as circumscribed by its author was therefore nomenclaturally superfluous 
(priority of Punctatisporites, Deltoidospora, Granulatisporites in part). Consequently, the name is con- 
sidered illegitimate under Art. 64 of the Int. Rules Bot. Nomenclature, and its emendation by Potonié 
and Kremp invalid. 


Deltoidospora implumis n. sp. 
Plate 3, Figure 5 

Spores trilete; triangular, radial portions rounded without shoulders, sides slightly concave; levi- 
gate; sutures distinct, simple, lips darker in color and slightly broader in polar area but not otherwise 
defined; ratio slightly less than */s; spore wall moderate in thickness, light brownish yellow; size 26—30 
microns. 

Holotype. — Imp. 467 (HALBERTSMA), 3—47.1 X 116.4; 27 microns. 

Remarks. — Darkened lips, broadened toward the pole, are characteristic. Spore wall thickness 
and sutural lip development somewhat variable. Granulatisporites concavus KosankE 1950 is larger and 
has more concave interradial sides. 


Deltoidospora implumis n. sp. variation A 
Plate 3, Figure 4 
Similar to the type, but spore wall thicker, color brown, lips slightly raised, suture ratio slightly 
more than */s. Rare in comparison to type. 
Illustrated. — Imp. 468 (HALBERTSMA), 9—37.9 X 120.3; 24 microns. 


Deltoidospora tripectora n. sp. 
Plate 3, Figure 7 

Spores trilete; concavely triangular, bluntly rounded to form shoulders with the concave inter- 
radial sides; equatorial margin slightly thickened (limbate); levigate (faintly roughened under oil); 
three faint apical papillae at conjunction of sutures; sutures distinct, simple, ratio ?/s; spore coat yellow; 
thickness moderate; size 22—24 microns. 

Holotype. — Imp. 1709, 1—42 X 113.5; 24 microns. 

Remarks. — Apical papillae and slightly limbate equatorial margin characterize this infrequent 
species. The shape is similar to that of Granulatisporites humerus n. sp. 
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Genus Granulatisporites Isr. emend. Por. and Kr. 
Granulatisporites jugaligranifer n. sp. 
Plate 3, Figure 6 
Spores trilete; triangular, interradial sides straight to slightly convex; granules scattered, of various 
sizes, some coalesced; sutures distinct, simple, ratio approximately */1; spore wall moderate in thickness, 
minor secondary folding common; size 28—33 microns. 
Holotype. — Imp. 1708, 7—37.3 X 124.5; 31 X 33 microns. 


Remarks. — G. commissuralis Kosanxe 1950 has closely spaced granules and slightly concave inter- 


radial sides. G. pyroformis Loose 1934 has more regular granules. G. granularis Kosanxe 1950 has finer 
granules and slightly concave interradial sides. 


Granulatisporites parvigranulatus n. sp. 
Plate 3, Figures 8—9 

Spores trilete; triangular, radial portions rounded without shoulders, sides slightly concave; faintly 
granulose (oil); sutures distinct, simple, ratio ?/s (sometimes */:); spore wall thin, yellow, folding minor; 
size 30—38 microns. 

Holotype. — Imp. 1708, 6—38 X 119.2; 32 microns (fig. 8). 

Illustrated. — Imp. 1708, A—22.1 X 128; 35 microns. 
Remarks. — G. adnatus Kos. 1950 is granulose only near the tetrad scar. Leiotriletes adnatoides Por. 
and Kr. has slightly convex to straight interradial sides. 


Granulatisporites rudigranulatus n. sp. 
Plate 3, Figure 10 

Spores trilete; triangular, sides slightly concave; granules coarse, irregular, more distinct and 
separate on distal face, often coalesced into irregular ridges on proximal surface, coalesced and less 
prominent along sutures; sutures distinct, simple, sometimes gaping, ratio about */1; spore wall modera- 
tely thick; size 40—47 microns. 

Holotype. — Imp. 1708, 7—36.2 X 119; 45 microns. 

Remarks. — Spore body margin strongly serrate due to the coarse sculpture. The smaller G. pallidus 
KosankE has more distinct somewhat smaller granules. 


Granulatisporites triconvexus n. sp. 
Plate 3, Figures 11—12 

Spores trilete; convexly triangular; shape probably lenticular; very finely granulose (oil); sutures 
distinct, simple, extending almost to spore equator, lips broad, darkened, but usually not raised; spore 
wall moderate in thickness, light brown, folding sometimes along sutures; diameter 35—44 microns. 

Holotype. — Imp. 1709, 5—23 110; 42 microns (fig. 11). 

Illustrated. — Imp. 1707, 1—25.3 X 121.2; 37 microns (fig. 12). 

Remarks. — Some specimens have smooth slightly thickened lips. 


Granulatisporites microrugosus n. sp. 
+ Plate 3, Figure 14 
Spores trilete; convexly triangular without shoulders; spore covered with crowded low irregular 
ridges in part anastomose, in part disconnected small granules or verrucae; sutures distinct, simple, 
ratio slightly more than 1/2; spore wall moderate in thickness, yellow; diameter 40—45 microns. 
Holotype. — Imp. 1708, 6—45.2 X 114.3; 42 microns. 
Remarks. — Mixed sculpture and short sutures distinguish this species from Granulatisporites 
parvus (Ipr.). G. pallidus Kos. 1950 is more regularly granulose and less convex in outline. 
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Granulatisporites? dumosus n. sp. 
Plate 3, Figures 15—17 

Spores trilete; convexly triangular; distal surface in part covered with scattered spines, reduced to 
granulations or absent at radial corners, small at the distal pole, largest along interradial portions of 
the equator where they are up to 2 microns long, 2—3.5 microns apart, proximal surface levigate; sutures 
distinct, lips faintly thickened, often slightly gaping, ratio slightly over 2/3; spore wall thickness mode- 
rate; size 26—30 microns. 

Holotype. — Imp. 1707, 5—40.3 X 118.2; 30 microns (fig. 15—16). 

Illustrated. — Imp. 1709, 1—27 X 122; 26 microns. 

Remarks. — Spacing of the spines varies from specimen to specimen. Procoronaspora ambigua 
Burrerwortu and Wicciams 1958 has rod-like processes for the most part, the radial margins are always 
smooth, sutures are longer, and average size is larger. The description also indicates that both proximal 
and distal surfaces are ornamented. 


Granulatisporites rousei n. sp. 
Plate 3, Figures 18—19 
Spores trilete; triangular, radial portions well-rounded without shoulders, sides slightly convex to 
straight; distal surface distinctly granulose, size of granules varies from specimen to specimen; proxi- 
mal surface generally levigate; sutures distinct, sometimes with faint lips (oil), usually closed, ratio 
about ?/s; apical area faintly darkened; spore wall moderate in thickness, light brownish yellow; size 
22—26 microns. 


Holotype. — Imp. 1707, 2—47.7 X 122.5; 24 microns (fig. 19). 
Illustrated. — Imp. 1707, 5—25.6 X 119.9; 24 microns (fig. 18). 


Remarks. — Rounded radial corners, levigate proximal surface; faint lips, darkened apical area 
and slightly smaller size distinguish this species from G. pipergranus HAcQuEBARD and Barss. The size 
is very uniform for 30 measured specimens. Named for G. E. Rouse of the University of British Columbia. 


Granulatisporites angularis n. sp. 
Plate 3, Figures 20—21 
Spores trilete; strongly triangular, radial portions narrowly rounded without shoulder develop- 
ment, interradial sides straight; minutely but distinctly granulose under oil; suture distinct, appearing 
as fine lines but commonly involved in folding that simulates narrow raised lips, almost extend to spore 


equator; spore wall moderate in thickness, brownish yellow; size 34—42 microns. 
Holotype. — Imp. 1707, 5—40.5 X 114; 42 microns. 


Remarks. — The granulose spore wall distinguishes this species from Leiotriletes tumidus BUTTER- 
WoRTH and WiıLrLıams 1958. 


Granulatisporites humerus n. sp. 
Plate 3, Figure 24 

Spores radial, trilete; outline concavely triangular; radial extremities flatly rounded, forming shoul- 
ders with the concave interradial sides; distal surface strongly granulose, granules crowded, larger in 
interradial areas, smaller radially, present at equator but absent proximally; sutures distinct, simple, 
bordered by broad slightly darkened areas; margin of spore slightly limbate (may be compressional), 
ratio slightly over ?/s; size 47—65 microns. 

Holotype. — Imp. 1707 n.s., 16—39.8 X 114; 55 microns. 

Remarks. — The ornamentation is much coarser than in Granulatisporites politus in BUTTERWORTH 
and Wiccrams 1958 (non HoFFMEISTER, STAPLIN and MaLLoy 1955). 


Granulatisporites? type A 
Plate 3, Figure 13 


Spore trilete; triangular, radial portions sharply rounded, interradial sides very slightly convex; 
spore covered with fine irregular anastomose ridges (incomplete microreticulate) under oil; sutures 
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distinct, lips raised and thickened (compression feature?) dark in color and less developed at sutural 
termini, ratio about */4; spore wall moderately thick, brown. 
Illustrated. — Imp. 1707, 1—34.5 X 124.5; size 36 microns. 


Genus Costaspora STArLIN and JANSONIUS, n. gen. 


Spores radial; trilete; outline subtriangular; shape tetrahedral to sublenticular; distal surface levi- 
gate-granulose-apiculate-verrucose, proximal surface radially ridged, the ridges weak to absent at the 
radial extremities and sometimes extending onto the distal surface interradially; sutures distinct; con- 
tact area present on the type species. 


Genotype. — Costaspora radiosa STAPLIN and JANSONIUS n. gen. n. sp. 
Remarks. — The proximal striations distinguish this genus from Granulatisporites and Procorona- 
spora. 


Costaspora radiosa STAPLIN and JANSONIUS n. Sp. 
Plate 3, Figures 27—28 

Spores trilete; outline triangular, radial corners rounded, interradial sides slightly convex and cor- 
rugated; proximal surface radially ridged at the interradial positions, the ridges extending slightly onto 
the distal hemisphere, ridges absent radially; distal surface and equator at radial extremities distinctly 
granulose; sutures distinct, simple, ratio about °/ı; contact area present, darker than rest of spore wall, 
half the size of the area defined by the sutures; spore wall moderate in thickness, dark yellow to yellow 
brown; size 22—29 microns. 

Holotype. — Imp. 1707, 2—44 X 115.3; size 26 microns. 

Remarks. — Fairly abundant in the shales. 


Genus Procoronaspora BUTTERworTH and WıLLıams 1958 
Procoronaspora williamsii n. sp. 
Plate 3, Figure 22 
Spores trilete; triangular, interradial portions of equator slightly convex; distal surface covered 
with sharply pointed tightly crowded spines 5 microns long at interradial portions of equator, about 
1.5—2 microns long at distal pole, reduced to granules at radial portions of equator, proximal surface 
levigate; sutures distinct, ratio ?/s—*/1; lips seem faintly thickened on some specimens (darker color), 
sometimes slightly gaping; spore wall moderate in thickness, brownish yellow; size 34—42 microns. 
Holotype. — Imp. 1709, 438.7 X 124.2; 36 microns. 
Remarks. — The prominence of the sculpture distinguishes this species from Procoronaspora ambi- 
gua BUTTERWORTH and WILLIAMS. 
Procoronaspora butterworthii n. sp. 
Plate 3, Figure 25 
Spores trilete; convexly triangular without shoulders; distal wall surface convolute to verrucose 
in interradial areas, becoming finer and finally levigate at the radial angles; sutures distinct, simple, 
ratio over */4; spore wall moderate in thickness, brownish yellow; size 45—50 microns. 
Holotype. — Imp. 1709, 5—41.2 X 120.5; 50 microns. 
Remarks. — The verrucose to rugulose distal sculpture distinguishes this species from others of 
the genus. 
Genus Anapiculatisporites Por. and Kr. 
Andpiculatisporites marginispinosus n. sp. 
Plate 3, Figure 26 
Spores trilete; triangular, interradial portions of equator slightly convex; most of spore surface 
covered with sharply tapered spines, longest at equator (up to 5.5 microns, separation about 3.5 microns), 
reduced in size on distal face, also reduced in size on proximal face and entirely absent from apical 
area; sutures distinct, simple, ratio about 3/4: spore wall moderate in thickness, light brownish yellow, 
secondary folding occasional; size 28—35 microns. 
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Holotype. — Imp. 1707, 4—30.5 X 124.3; 30 microns. | 
Remarks. — Spines at radial portions of equator and on part of the proximal face as well as wider 
spacing of the spines at the equator distinguish this species from Procoronaspora williamsii n. sp. 


Genus Dictyotriletes Naumova emend. Por. and Kr. 
Dictyotriletes? intestinus n. sp. 
Plate 3, Figure 23 

Spores trilete; triangular, interradial sides slightly convex; spore covered with ruffled irregular 
muri, variable in height and separation; sutures distinct, simple, ratio about */s; wall thickness moderate, 
light brownish yellow; size 50—56 microns. 

Holotype. — Imp. 1709, 4—31 X 118; 54 microns, muri not over one micron wide. 

Remarks. — Infrequent. 

Dictyotriletes? spinifer n. sp. 
Plate 3, Figures 29—30 

Spores trilete; triangular, interradial sides convex; distal surface subreticulate in central polar 
area, composed of spines connected by low muri, muri less than one micron in width, lacunae up to 
3.6 microns wide, spines stronger as the equator is approached, up to 4 microns long at the equator, 
tips pointed to narrowly rounded; proximal surface sculpture less pronounced, the polar area levigate; 
sutures simple, ratio about 4/5; spore wall light brownish yellow, thickness moderate, secondary folding 
common; size 20—26 microns. 

Holotype. — Imp. 1707, 5—33.7 120.6; 20 microns. 

Remarks. — The spinose aspect distinguishes this species from others assigned to the genus. 


Genus Waltzispora n>gen. 


Spores radial; trilete; triangular in proximal view; shape lenticular; radial extremities of spore 
reflexed and expanded into mushroom, saddle, or T-shaped outline; entire spore cavity continuous with- 
out differentiation or appression; sutures distinct, with or without lip development; sculpture fine or 
lacking on known species; spore wall relatively thick; known size range 36—55 microns. 

Genotype. — Waltzispora lobophora (Wazrz 1938) n.comb. Azonotriletes lobophorus WaLrz 1938, in 
Luger and Wa tz 1938, p. 12, pl. 1, fig. 5; pl. A, fig. 8. 

? cf. Azonotriletes lobophorus Watrz 1938, in HacquEBARD and Barss 1957, p. 44, pl. 16, fig. 9. 

Remarks. — Continuity of the spore body into the expanded extremities, without differentiation 
or appression, characterize this genus and distinguish it from Triquitrites and Granulatisporites. There 
is no girdle, although the spore margin may be slightly thickened in some species. It occurs through- 
out North America but is not abundant at any locality known to the author. 


Waltzispora albertensis n. sp. 
Plate 4, Figures 2—3 

Spores trilete; subtriangular; radial extremities strongly blunted and expanded into a “T” without 
interrupting the continuity of the spore cavity, cross bar of “T” sometimes slightly concave; spore 
margin slightly thickened; sutures distinct, ratio 4/5; lips slightly raised and thickened, about 1.5 microns 
wide; spore coat faintly roughened (oil), relatively thick but often thin on corroded specimens; size 
36—44 microns. 

Holotype. — Imp. 1709, 2—33.2 X 114.8; size 44 microns. 

Remarks. — The radial extremities are more expanded than in W. lobophora (Wat1z 1938). 


Genus Triquitrites Wis. and Cor 1940 
Triquitrites sp. cf. T. inusitatus KosanxE 1950 
Plate 4, Figure 9 
Radial corners of spore body broadly convex, sides straight to slightly concave; auriculae variable, 
ranging from a number of finger-like projections to a fused mass thicker than the central body; spore 
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body finely granulose, auriculae seemingly granulose-punctate (corroded on all specimens); sutures 
distinct, simple, ratio about */s; diameter of spore body 45—50 microns, radial projections 9—15 microns 
long. 

Illustrated. — Imp. 1709, 1—20 X 113; spore body 46 microns. 

Remarks. — Absence of suture lips and broadly convex radial corners distinguish this form from 
T. inusitatus. The species described by DyBova and Jacnowicz 1957 as T. auritus (their new name for 


T. inusitatus Kosanxe 1950!) is closely comparable. 


Genus Lycos pora os, W.and B. 1944 
Lycospora tenuimembrana n. sp. 
Plate 4, Figure 8 

Spores trilete; convexly triangular; spore body minutely granulose (oil), margin not thickened; 
flange thin, commonly folded, very minutely granulose (oil); sutures indistinct, obscured by raised 
flange-like lips that extend to the spore margin and are reflected on the flange; three indistinct apical 
papillae sometimes present; spore body light amber brown, flange yellow; size 26—33 microns, flange 
about 2.5—3 microns. 

Holotype. — Imp. 1707 n.s., 7—36.1 X 126.3; size 28 microns. 

Remarks. — Lycospora brevijuga KosankE 1950 has apical papillae, but possesses a girdle rather 
than a flange. 


Lycospora granianellatus n. sp. 
Plate 4, Figure 10 
Spores trilete; circular; spore body minutely granulose, girdle very minutely granulose; sutures 
simple, length equal to central body radius; spore body wall thin, girdle relatively thick; diameter 
22—28 microns, spore body 19—20 microns. 

Holotype. — Imp. 467 (HALBERTSMA), 9—37.5 X 113.2; diameter 26 microns, spore body 19 microns. 

Remarks. — L. brevijuga Kosanxe 1950 is larger and bears apical papillae. Anulatisporites lyco- 
sporoides BUTTERWORTH and WırLıams 1958 has a smooth girdle, but otherwise is similar to the species 
described here. Lycospora pumilla (Wazrz 1938) Por. and Kr. (illustrated, no description) may be a 
related form. 

Lycospora lobulata n. sp. 
Plate 4, Figure 11 

Spores trilete; circular; spore body minutely granulose, girdle very minutely granulose; granules 
irregular and in part coalesced; sutures distinct, length equal to spore body radius, bordered by coalesced 
wart-like processes; flange almost hidden by flattened lobulate excrescences that seem confined to the 
flange distal surface, about four lobations to each interradial section; size 27—29 microns, spore body 
about 19 microns. 

Holotype. — Imp. 1708, 10—27 X 114; diameter 29 microns, spore body 19 microns. 

Remarks. — Characterized by lobulate processes on the flange and along the sutures. 


Lycospora cf. L. micrograna HAcQuEBARD and Barss 1957 
Plate 4, Figure 12 


Lycospora micrograna HacguEBarD and Barss 1957, p. 20—21, pl. 2, fig. 23. 
Central body and flange densely and minutely granulose; flange not tapered; sutures distinct, lips 
form a raised ridge about 1 micron wide, ratio ?/s—1 (exc. flange); size 32—40 microns; central body 


28—33 microns. 
Illustrated. — Imp. 468 (HALBERTSMA), 1—48.8 X 119.5; size 39 microns, flange width 2—3 microns. 


Remarks. — The ornamentation of both the flange and spore body of this species vary somewhat 
from that of L. micrograna (direct comparison). 
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Lycospora sp. À 
Plate 4, Figure 19 
Similar to Lycospora sp. cf. L. micrograna but flange thinner, wider, and less densely granulose; 
spore body granulations in part connected to form a subreticulate pattern; sutural lips narrower and 
less distinct; diameter 39 microns, flange 4 microns wide. 
Illustrated. — Imp. 1708, 10—40 X 115; spore body 32 microns; flange approx. 4 microns. 


Lycospora uber (Horr., Star., MALL.) n. comb. 
Plate 4, Figures 13, 17—18, 20 


Cirratriradites uber Horr., Star., MALL. 1955, p. 383, pl. 36, fig. 24. 


Zonotriletes pusillus (Isr.) Wazrz 1938, p. 15, pl. 3, fig. 3; pl. A, photo 12. [Non Lycospora pusilla 
(Ipr.) S., W. and B.] 


Cirratriradites pseudoannulatus (KosankE), Horr., Srar., MALL. 1955, p. 383, pl. 36, fig. 25. 

Lycospora noctuina BUTTERWORTH and WiırLıams 1958, p. 376, pl. 3, figs. 14—15. 

? Lycospora punctata Kos., BUTTERWORTH and WiLLiaMs 1958, pl. 3, figs. 16—17, no description. 

? Lycospora punctata Kosanke, DyBova and JacHowıcz 1957, p. 144—148, pl. 38, figs. 1—4. 

? Lycospora granulata Kosanke, DyBova and JacHowıcz 1957, p. 148—149, pl. 39, figs. 1—4. 

? Lycospora parva KosankE, DyBova and JacHowicz 1957, p. 149—150, pl. 40, figs. 3—4. 

Spores radial; trilete; shape lenticular; outline subtriangular to subcircular; spore body slightly 
roughened to granulose to finely verrucose and microvermiculate; flange variable, smooth to striate, 
margin tapered to limbate, sometimes faintly zonate, margin entire or unevenly indented; spore body 
may show prominent arcuate peripheral folding; sutures distinct, length equal to spore body radius, 
often reflected on flange; lips usually prominent and raised; spore often corroded or ragged; size 25—44 
- microns; flange 1.5—7 microns wide. 


Illustrated. — Imp. 1707, 5—19.5 X 115.8; 37 microns (fig. 13); Imp. 1707, 1—42.3 X 118.2; 28 microns (fig. 17); Imp. 1707, 
2—24 X 114; 35 microns (fig. 18); Imp. 1707, 3—26 X 115; 33 microns (fig. 20). 

Remarks. — This variable species, along with the equally variable Apiculatisporis baccatus is a 
predominant in both the coal and shales. Even in assemblages that are well-preserved as a whole, 
examination of Lycospora specimens under oil immersion shows that few are not ragged or corroded. 
The synonomy above is not the result of careful study. All may be synonomous to species in KosANKE 
1950 and elsewhere. A detailed direct examination of all species assigned to Lycospora would be a 


worthwhile project. Most published descriptions and illustrations are inadequate to show the range of 
variation. 


Lycospora praetergranulata (Horr., Srar., MALL.) n. comb. 
Plate 4, Figure 14 
Cirratriradites praetergranulatus H., S. and M. 1955, p. 383, pl. 37, fig. 4. 
Illustrated. — Imp. 1707, 4—50.3 X 122.3; diameter 48 microns. Infrequent. 


Lycospora tenebricosa n. sp. 
Plate 4, Figures 15—16 

Spores trilete; convexly triangular — subcircular; spore body finely granulose, margin slightly 
thickened; flange very narrow, irregular, minutely granulose; sutures distinct, lips narrow, dark, thicken- 
ing largely internal, ratio */:—1; central body thick, amber brown; flange thin, yellow; diameter 35—46 
microns, flange 1—2 microns. 

Holotype. — Imp. 1709, 1—29.5 X 117.2; diameter 37 microns (fig. 16). 

Illustrated. — Imp. 1709, slide 5—33.5 X 119.8; 42 microns (fig. 15). 

Remarks. — Thick spore wall, thickened spore margin, narrower flange, heavier sutural lips, and 
slightly coarser granulose sculpture distinguish this species from Lycospora sp. cf. L. micrograna. 
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Lycospora? verrucosa n. sp. 
Plate 4, Figures 30, 33 

Spores trilete; triangular, radial portions rounded without shoulders, interradial sides faintly con- 
vex; equatorial margin distinctly thickened; spore surface faintly granulose under oil; sutures distinct 
with broad raised lips composed of coalesced wart-like processes, 4—6 in number along the length of 
each suture; suture ratio variable from slightly over */2 to slightly over */s; spore wall moderately thick, 
brownish yellow; size 30—32 microns. 

Holotype. — Imp. 1707, 5—38.8 X 113; 30 microns (fig. 30). 

Illustrated. — Imp. 1710, slide 7—31 X 112.3; 33 microns (fig. 33). 

Remarks. — Assignment to Lycospora is provisional. Very infrequent. 


Genus Camptozonotriletes n. gen. 


Spores radial; trilete; shape lenticular; outline triangular to subcircular; composed of spore body 
and flange; spore body verrucose to vermiculate; flange zonate in the single species; sutures with 
raised lips. 

Genotype. — Camptozonotriletes vermiculatus n. sp. 

Remarks. — Lycospora is smaller in size and is finely sculptured. Cirratriradites is finely sculp- 
tured, has a striate flange, and usually a central distal scar. 


Camptozonotriletes vermiculatus n. sp. 
Plate 4, Figure 25 

Spores trilete; subcircular to convexly triangular; composed of spore body and zonate flange with 
conformable outlines; spore body proximally bears 6—8 short irregular ridges (reduced to large warts 
in some specimens); distal sculpture more prominent, ridges irregular, in part connected and in part 
bearing wart-like prominences; flange zonate, outer zone thinner and slightly wider than inner zone, 
surface faintly roughened to levigate; sutures indistinct, length over */1 spore body radius, obscured by 
narrow strongly elevated lips that are reflected on the flange; size 60—70 microns, spore body 43—46 
microns. 

Holotype. — Imp. 1709, 5—45.5 X 110; 64 microns, spore body 45 microns. 

Remarks. — No closely related species is known. 


Genus Cirratriradites Wits. and Cor 1940 
Cirratriradites solaris HACQUEBARD and Barss 
Plate 4, Figure 32 

Cirratriradites solaris HAcQuEBARD and Barss 1957, p. 40, pl. 5, figs. 14—15. 

Illustrated. — Imp. 468 (HaLBERTsMA), 5—45 X 118.3; 105 microns overall. 

Remarks. — Size range 105—184 microns, central body 54—80 microns. The average size is smaller 
than that of the original. Zonotriletes auranthiacus (Naumova) Wa tz 1938 is a smaller but seemingly 
similar species. 

Genus Retusotriletes Naumova 1953 


Spores trilete; outline circular to subtriangular; contact areas prominent, occupying much of the 
proximal face except for an equatorial area; equatorial margin of many species thickened when the 
curvaturae are complete; sutures variable in prominence, generally quite long, limited by the curvaturae 
or curvaturae imperfectae; sculpture variable, that within the contact areas generally different in degree 
from that of the equatorial and distal surfaces of the spore; known size range 30—105 microns. 

Genotype. — Retusotriletes simplex Naumova 1953. Type not designated by Naumova. R. simplex 
is listed as genotype by PoTonIÉ (1958). 

Remarks. — A common form genus in Devonian sediments of North America and the U.S.S.R. 
The term “sub-group” attached to the genera in Naumova’s monograph of 1953, is clearly defined as 
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equivalent to form genus in the brief section immediately preceeding the systematics. The statement in 
Poronié (1958, p. 20, specifically in reference to Acanthotriletes) that taxa of Naumova 1953 are illegi- 
timate under Art. 44 is in error. 
Retusotriletes golatensis n. sp. 
Plate 4, Figures 21—23 

Spores trilete; outline circular; surface finely and densely granulose (oil); equator of spore slightly 
thickened, especially at the radial angles; three large contact areas outlined by the sutures and curva- 
turae at the inner edge of the marginal thickening; sutures with broad raised lips, extending almost to 
the thickened margin, sutural line indistinct; diameter 33—39 microns. 

Holotype. — Imp. 1710, 4-26 X 120; diameter 33 microns (fig. 22). 

Illustrated. — Imp. 1709, 4—49.5 X 111.2; 30 microns (fig. 23); Imp. 1707, 2—25.7 X 119.7; 39 microns (fig. 21) — per- 
haps another species. 


Genus Asterocalamotriletes (Luger) emend. Por. 1958 


Lectogenotype: A. bertschoguriensis LuBEr 1955. 

The diagnosis by Poronré states that the genus is smaller than Cadiospora KosankE 1950, has a 
narrower cingulum, and that the sutures are wide and fused with the cingulum, not, as in the case of 
Cadiospora, terminally forked prior to reaching the cingulum. The last feature is the only one of impor- 
tance, but its significance may fade as more species are described. 


Asterocalamotriletes albertensis n. sp. 
Plate 4, Figures 24, 29 

Spores trilete; circular; levigate; sutures distinct, length equal to spore body radius; spore body 
enclosed by a simple girdle, 3—4 microns wide, slightly ‘broadened or arched inward at three points to 
connect with the suture tips (in some specimens); spore coat thick, dark red-brown; compression folds 
not common; diameter 25—30 microns. 

Holotype. — Imp. 468 (HALBERTSMA), 5—39 110.6; 27 microns. 

Remarks. — The girdle of A. bertschoguriensis Luger 1955 does not seem to have the arched or 
broadened areas at the suture tips. This is a variable feature on A. albertensis, however. LusEr’s type 
is also larger in size. 


Genus Spinozonotriletes Hacqueparp 1957 
Spinozonotriletes? exiguus n. sp. 
Plate 4, Figures 26—27 

Spores trilete; circular; composed of central body and perispore?; distal hemisphere and equatorial 
zone covered with wart-like to spinose processes, 2—2.4 microns maximum diameter, more or less cir- 
cular in outline, a few with a single pointed spine at the tip of the process, variable in size and spacing, 
proximal surface over central body lacks the processes and is minutely granulose (oil); sutures simple, 
ratio about °/s; spore wall thick, amber; diameter 27—-36 microns. 

Holotype. — Imp. 1710, 1—18.8 X 120.3; 36 microns, central body 24 microns (fig. 27). 

Illustrated. — Imp. 1710, slide 1—29 X 111.8; 27 microns (fig. 26). . 

Remarks. — A perispore could not be demonstrated definitely in this species. It is smaller than any 
of the species described by Hacquesarp 1957. 


Spinozonotriletes? exiguus Variation A 
Plate 4, Figure 28 
Similar to type, but processes smaller and more spinose in appearance. 
Illustrated. — Imp. 1709, 1—26 X 119.3; 33 microns. 


Remarks. — The finely processed variation occurs slightly higher in the section. Occasional speci- 
mens are found with only a girdle-like rim preserved. 
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Genus Camarozonotriletes Naumova 1953 
Camarozonotriletes Naumova 1953, p. 89 


Spores radial; trilete, circular to subtriangular in proximal view, composed of central body and 
girdle; central body concavely to convexly triangular, sculpture minor (levigate to granulose is the 
known variation); sutures distinct, with or without lip development; girdle very slightly overlaps cen- 
tral body proximally, broad interradially and may be zoned, a narrow band at the radial positions, outer 
margin thickened mostly in the distal direction where it may be constricted to superimpose on the distal 
hemisphere a circle that is slightly less in radius than the circumscribed radius of the central body, 
outer margin bears one or more rows of small granulations or apiculate processes that may also cover 
the distally overlapping part of the girdle. 


Genotype. — Camarozonotriletes devonicus Naumova 1953 (p. 89, pl. 14, fig. 9a) was designated as 
genotype by Potonié 1956 (fig. 9, indicated by Poronté as C. devonicus, is C. obtusus). 
Remarks. — This genus is distinguished from Rotaspora ScHEMEL 1950, by rows of granulations on 


the girdle and by distal overlap of the girdle. Further work may place Camarozonotriletes in synonomy 
to Rotaspora. Both may be related to Reinschospora. 


Camarozonotriletes circumligus n. sp. 
Plate 4, Figures 31, 35 

Rotaspora fracta SCHEMEL 1950, BUTTERWORTH and Wırrıams 1958, p. 377, pl. 3, figs. 19—20 [non Rota- 
spora fracta SCHEMEL 1950]. 

Spores trilete; subcircular in proximal view; spore body concavely triangular, radial corners bluntly 
rounded (appear angular on badly compressed specimens) to form slight shoulders with interradial sides; 
surface minutely granulose (oil); sutures distinct, ratio 4/s, lips narrow, slightly thickened, dark colored; 
girdle almost circular in outline, very slightly overlapping the spore body proximally, outer margin 
thickened, broadened and constricted in a distal direction at the radial corners to cover the radial por- 
tions of the central body and superimposing on the distal hemisphere a circle whose radius is slightly 
less than that of the spore body, outer margin of the girdle decorated with at least two rows of small 
closely spaced apiculae interradially, about four rows at the radial positions where the girdle overlaps 
distally; spore wall relatively thick overall, color amber brown, folding uncommon; diameter 28—37 
microns. 

Holotype. — Imp. 1707, 5—41.5 X 115; 30 microns (fig. 35). 

Illustrated. — Imp. 1707, 2—23.8 X 115.8; 35 microns (fig. 31). 

Remarks. — C. obtusus Naumova 1953 and Rotaspora knoxii BUTTERWORTH and WırLıams 1958 have 
convexly triangular spore bodies. Rotaspora fracta has a levigate girdle. 


Genus Reinschospora S., W. and B. 1944 
Reinschospora jubata n. sp. 
Plate 5, Figures 7—8 

Spores trilete; outline circular; spore body concavely triangular with a narrow marginal thickening 
that is most prominent distally; sutures prominent, ratio ‘/s, lips thickened; central distal surface of 
spore body bears either a circular boss, a single large spine, or a few small apiculae (boss diameter 
7—9 microns, spine length 5—8 microns); interradial fimbriae originate distally, their “roots” confined 
to the thickened margin of the spore body except for the most central ones, “roots” may be divided 
into as many as four closely spaced parallel “rootlets” (oil), fimbriae rarely hirsute, usually levigate, 
tips of fimbriae bear one-six terminations not all in the same plane, almost submicroscopic single claws 
may occur at the tips of some, incisions between termini of fimbriae variable in length; radial corners 
of spore body distally covered with sharp apiculae that are usually reduced to small scattered granules 
(or may be absent) near the equatorial margin, then are again enlarged to form one row of blunt irregular 
apiculae that cross the radial corners of the spore body proximally; spore body relatively thick, folding 
uncommon but tearing frequent; size 60—83 microns overall. 
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Holotype. — Imp. 1707, 2—35.5 X 114.5; 71 microns overall, spore body 57 microns, fimbriae 20 microns maximum, 
width of spore body margin 3 microns (fig. 7). 

Illustrated. — Imp. 1—43.8 X 124.3; 78 microns (fig. 8). 

Remarks. — Other variations noted include anastomose fimbriae, or fimbriae fused to form a com- 
plete girdle that is thickened and apiculate at its outer margin. The sutural line may be minutely 
serrate. The radial apiculae are extremely variable in development. R. nahannensis HACQUEBARD and 
Barss lacks distal and radial apiculae, rarely bears granules (oil) radially at equator (reéxamination). 


Reinschospora cervicornuta n. sp. 
Plate 5, Figures 1—3 

Spores trilete; outline circular to subtriangular; spore body concavely triangular with narrow 
thickened margin; fimbriae fused except for four-five at each interradial position, the shorter fimbriae 
towards the radial corner fused into a mass that bears numerous apiculae (resembling the rack of a 
moose); on the distal face, wedge-shaped patches of apiculae at each radial corner point toward the 
distal pole and may be continued as a single line of apiculae to a central distal mass of 15—20 apiculae; 
proximal face levigate; sutures distinct, ratio */s, lips very narrow and slightly raised, the trilete mark 
often gaping; size 50—58 microns. 

Holotype. — Imp. 1707, 4—-35.3 X 122.4; size 55 microns, spore body 48 microns (figs. 1—2). 

Illustrated. — Imp. 1707 n.s., 10—33 X 128.2, 56 microns (fig. 3). 

Remarks. — The photograph of Zonotriletes speciosus (Loose) Wazrz 1938 (pl. A, fig. 9) is of similar 
form, but distal ornamentation is not shown or described. The fused masses at the sides of the radial 
extremities are characteristic. 

Reinschospora sp. A 
Plate 5, Figure 18 

Longer more numerous fimbriae and concave interradial sides distinguish this species from Zono- 
triletes curiosus WaLrz 1938 (pl. 4, fig. 49). 

Illustrated. — Imp. 468 (HALBERTSMA), 7—51.8 X 122.9; 41 microns. 


Genus Densosporites Berry emend. S., W., B. 1944 
Densosporites tripapillatus n. sp. 
Plate 5, Figures 4—5 

Spores trilete; convexly subtriangular to subcircular; spore body thin, very minutely granulose; 
girdle thick, levigate, only slightly tapered at the outer margin; sutures distinct to indistinct, often 
bordered by narrow slightly raised lips that extend to spore body margin; three apical papillae at 
conjunction of sutures; size 26—39 microns, spore body 15—20 microns. 

Holotype. — Imp. 1707, 8—36.3 X 121.7; size 30 microns, spore body 18 microns (fig. 4). 

Illustrated. — Imp. 1707, 2—27.7 X 124; spore body 18 microns; size 33 microns (fig. 5). 

Remarks. — Apical papillae distinguish this species. Very frequent. 


Densosporites simplex n. sp. 
Plate 5, Figure 6 

Spores trilete; outline convexly subtriangular; spore body almost levigate proximally, minutely 
granulose distally, granules in part coalesced; girdle thick, very minutely granulose (oil), rounded in 
cross-section; sutures indistinct, but bordered by narrow raised lips that extend to spore body margin; 
size 30—40 microns; spore body 17—20 microns. 

Holotype. — Imp. 1707, 5—32 X 113.3; size 32 microns, spore body 18 microns. 

Remarks. — D. rotatus n. sp. has a circular outline and a dense almost opaque girdle. Anulatisporites 
anulatus (Loose) is subcircular in outline and has less developed sutural lips. 


Densosporites spinifer HoFFMEISTER, STAPLIN and MALLoY 1955 
Plate 5, Figure 9 
Illustrated. — Imp. 1707, 7—34.7 X 111.9; size 35 microns. 
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Remarks. — Reported from the Limestone Coal group of Scotland by Burrerwortu and WILLIAMS 
(1958, pl. 3, fig. 46). 


Densosporites cf. D. capistratus H., S., M. 1955 
Plate 5, Figure 10 


Spores trilete; convexly triangular; spore body minutely granulose on proximal surface, distal sur- 
face with a few large warts of about 2.5 microns diameter; girdle zonate, inner thick zone lies proximally 
to the outer zone; outer zone thin, continuing under the distal surface of the inner zone and most of the 
spore body, minutely ruffled, outer margin serrate; sutures indistinct, lips narrow and slightly raised, 
length about equal to spore body radius; size 46 microns, spore body 23 microns, inner zone of girdle 
6 microns. 

Illustrated. — Imp. 1707 n.s., 7—29 X 125.2; 47 microns. 

Remarks. — Very infrequent. Cingulizonates radiatus DyBova and JacHowıcz 1957 may be the same 
species. 


Densosporites landesii n. sp. 
Plate 5, Figure 11 

Spores trilete; outline convexly triangular; proximal surface of spore body very minutely granulose 
(oil), distal surface distinctly granulose; girdle bizonate, inner zone thick, irregularly granulose, lying 
proximally above the distal broad outer zone, outer zone surface covered with sharply pointed small 
apiculae, outer margin serrate; spore body slightly overlapped proximally at interradial positions by a 
thin membrane originating in the girdle; sutures distinct to indistinct, lips very narrow and slightly 
raised, extending to the spore body margin; size 63—-73 microns; spore body 27—30 microns. 

Holotype. — Imp. 1707 n.s., 8—41.0 X 116.2; size 70 microns, spore body 29 microns, inner zone of girdle 9 microns, 
proximal surface of inner zone lies 8 microns above the proximal surface of the outer zone. 

Remarks. — Cingulizonates tuberosus DyBova and Jacnowicz 1957 is less regularly granulose and 
the outer zone is thicker and lacks apiculae. The species is named for Dr. R. W. Lanpes, who has done 
much to advance this field of study through his support. 


Densosporites cf. D. intermedius BUTTERWORTH and WILLIAMS 1958 
Plate 5, Figure 12 
D. intermedius BUTTERwoRTH and Wırrıams 1958, p. 379, pl. 3, figs. 38—39. 
Illustrated. — Imp. 1708, U—42.3 X 114.8; 45 microns, spore body 20 microns. 
Remarks. — Very infrequent, coal only. D. cuneiformis Hacgursarp and Barss 1957 is larger and 
does not have the sutures preserved, but is otherwise similar in appearance. D. cuneicinctus (Horr- 
MEISTER, STAPLIN, MALLOY 1955) nom. nov. has a tapered girdle without irregularity or fluting. 


Densosporites rotatus n. sp. 
Plate 5, Figure 13 

Spores trilete; outline subcircular; spore body thin, minutely granulose proximally (oil), slightly 
coarser and bearing scattered larger granules (+ 0.8 microns) distally; approximate overlap of girdle 
onto spore body about 2.5 microns; sutures indistinct but generally visible as fine lines to the spore 
body margin; girdle irregularly thickened, sometimes with radially disposed scalloped flutings that are 
most prominent distally, sometimes tire-shaped with minor or no fluting; surface bears scattered granules 
that become larger and spinose towards the equator; size 41—55 microns. 

Holotype. — Imp. 1707 n.s., 9—31.4 X 116; size 47 microns, spore body 19 microns. 

Remarks. — C. cuneicinctus (HoFFMEISTER, STAPLIN, MALLOY) has a tapered outer structure and gener- 
ally subtriangular shape. Anulatisporites anulatus (Loos) has a large spore body relative to the girdle 
width. 
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Densosporites cuneicinctus (Horr., STar., MALL.) nom. nov. 
Plate 5, Figure 14 

Densosporites tenuis Horr., Srar., Maui. 1955, Jour. Paleont., Vol. 29, p. 387, pl. 36, figs. 18, 19, 23 
[non Densosporites tenuis (Loose) Por. and Kr.]. 

Illustrated. — Imp. 1707 n.s., 10—43.1 X 120.3; 60 microns, spore body 26 microns. 

Remarks. — Densosporites intermedius BurrerwortHu and WixuiaMs 1958 has a differentiated girdle, 
the inner zone uneven in outline. D. cuneicinctus has a simple girdle that tapers evenly to a knife edge. 
Specimens illustrated by H., S., M. are all more or less corroded. Abundant in the Golata shale. 


Genus Tripartites SCHEMEL 1950 


Tripartites contains two elements that perhaps should be separated. These elements are here 
referred to as sections A and B in order to avoid revision of the form genus before the relationship of 
the two are better understood. 

Section A. — Forms similar to T. vetustus SCHEMEL (genotype), T. complanatus n.sp., T. rugosus 
(Horst) in DyBova and JacHowıcz and its apparent synonym T. ianthina BUTTERWORTH and WıLLıams 1958. 
The margin of the spore body does not bear a thickened continuous girdle, but may be limbate or bear 
a narrow flange interradially that in part can be distally attached. 

Section B. — Forms similar to T. inciso-trilobus (Wazrz). The auriculae are part of a distinct con- 
tinuous girdle surrounding and slightly overlapping the central body. The girdle may be broken away 
from the spore body. The wall layers are much thicker than in the forms of section A. 

Forms with an outer structure covering one or both hemispheres are assigned to Murospora Somers. 
Savitrisporites BHARDWAJ 1955 has a complexly ornamented spore body. Callisporites BUTTERWORTH and 
WizcraMs 1958 lacks the radial thickenings of the cingulum, but perhaps should be considered a synonym 
of Savitrisporites. 

Cincturasporites HacQuEBARD and Barss 1957 contains two elements, one possessing distally diffe- 
rentiated spore body sculpture. The type, C. altilis H. & B. 1957, has elevated sutural lips, lacks local 
thickenings of the cingulum, has greater overlap of the cingulum onto the spore body, and a very broad 
cingulum. 

Tripartites complanatus n. sp. 
Plate 4, Figures 6—7 

Spores trilete; outline concavely triangular, shape lenticular; auriculate; spore body concavely 
triangular, radial corners flatly convex, forming sharp shoulders with the interradial sides; auriculate 
extensions sharply delimited, a little thicker than the proximal and distal spore wall thicknesses com- 
bined, with 3—5 short bluntly rounded projections at the outer edge; interradial margins of spore body 
slightly thickened (“limbate”’) but not flanged or girdled; the spore body exhibits a fine granulosity upon 
careful focusing using oil immersion, auriculae polished; sutures distinct, ratio 1/2 to slightly less than 
*/3, sometimes with narrow, thickened lips bordered by a narrow faintly darkened area; color amber 
yellow, secondary folding not common; size 22—31 microns. 


Holotype. — Imp. 1707, 8—39.3 X 120.4 n.s., size 30 microns, spore body 23 microns (fig. 6). 
Illustrated. — Imp. 1709, 1—19 X 122.5; 30 microns, spore body 22 microns (fig. 7). 


Remarks. — Tripartites vetustus ScHEMEL has more strongly developed auriculae and some speci- 
mens show a narrow flange in addition to the spore body limbation (flange in part distal). 


Tripartites inciso-trilobus (WaLrz 1938) Por. & Kr. 
Plate 5, Figure 17 
Zonotriletes inciso-trilobus (Naumova) Wattz 1938, in Luger and WaLrz 1938, p. 19, pl. 4, fig. 42; pl. A, 
fig. 10. (The species illustrated as the basis of subgroup Trilobozonotriletes by Naumova 1937.) 
Spores trilete; triangular; composed of spore body and attached girdle with large processed exten- 
sions at the radial positions; central body triangular, interradial sides straight or slightly concave, wall 
surface sparsely granulose (oil); girdle thick, surface polished, slightly overlapping spore body (about 
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1.5 microns), very narrow interradially, greatly expanded and recurved at the radial positions, slightly 
fluted and broken into bluntly rounded irregular short processes at the outer margin; sutures prominent, 
simple, ratio at least ‘/5; wall of spore body thick, girdle thicker, color dark amber brown, folding un- 
common; size 47—66 microns. 

Illustrated. — Imp. 1709, 4473’, 5—18.8 X 113.2; 62 microns overall, spore body 35 microns. 

Remarks. — The large structures at the radial angles are definitely expansions of a continuous 
equatorial girdle. Figure 17 shows an interradial portion of the girdle broken away from the spore 
body. The species described by BUTTERwoRTH and WiLcraMs as T. inciso-trilobus (NaAUM.) var. inciso- 
trilobus differs in the structure of the auriculae and shape of spore body. Tripartites rugosus (Horst) 
Dysova and JacHowicz 1957 (same as T. ianthina Burrerwortn and Wiccrams 1958) is smaller, has charac- 
teristically rugose auriculae, and lacks the cingulate interradial development. 


Tripartites golatensis n. sp. 
Plate 5, Figures 15—16 

Spores trilete; triangular, spore body slightly concave to slightly convex, radial corners rounded; 
surface levigate; girdle narrow (not over about 1.5 microns) interradially, levigate, expanded and 
thickened radially, slightly fluted and broken into bluntly rounded irregular short processes at the outer 
margin; sutures distinct, simple, ratio 4/s; spore wall thick, dark amber brown; size 45—55 microns; 
spore body 27—38 microns. 

Holotype. — Imp. 1709, 3—37 X 122.3; size 55 microns, spore body 33 microns, maximum size of girdle at radial 
position 15 X 30 microns (fig. 16). 

Illustrated. — Imp. 1709, 5—30.8 X 121.4; size 47 microns (fig. 15). 

Remarks. — Less pronounced expansion and reflexion of the girdle distinguishes this species from 
Tripartites inciso-trilobus (WaLrz 1938). The processes at the outer margin of the auriculae are much 
finer, and the spore body may be finely granulose in the species described by BUTTERWORTH and WILLIAMS 
1958 as T. inciso-trilobus var. inciso-trilobus (pl. 3, figs. 2—3). 


Tripartites serratus n. sp. 
Plate 5, Figures 19—20 

Spores trilete; triangular; spore body levigate, interradial sides straight or slightly concave, very 
slightly overlapped by girdle; girdle relatively wide interradially with usually serrate outer margin, 
not much wider radially but thickened and bearing several rows of overlapping serrations, girdle some- 
times faintly ribbed; sutures distinct, ratio usually over ‘/s, lips broad, slightly thickened, and tapered 
toward the sutural termini; spore wall thick, girdle thicker, color amber yellow to dark amber brown; 
secondary folding not common; size 55—61 microns overall. 


Holotype. — Imp. 1707 n.s., 6—38.2 X 122.2; 60 microns, spore body 38 microns (fig. 19). 
Illustrated. — Imp. 468 (HALBERTSMA), 3—48.2 X 121.1; size 60 microns (fig. 20). 


Remarks. — No satisfactory comparison can be made with Zonotriletes subcrenatus WaLrz 1938 on 
the basis of the original illustration. Note the divergent interpretations by Hacquesarp and Barss 1957 
and BUTTERwoRTH and WırLıams 1958. 


Tripartites microreticulatus n. sp. 
Plate 5, Figures 21—22 
Spores trilete; triangular in proximal view; spore body triangular, interradial sides straight to 
slightly concave, slightly overlapped by girdle; girdle narrow interradially, expanded and thickened 
into cushions radially; spore body microreticulate (oil) proximally and distally; girdle levigate; sutures 
distinct, length almost equal to spore body radius, lips narrow without demonstrable thickening; spore 
body wall relatively thick, cushions very thick; color light amber brown; size 47—54 microns, spore 


body 32—35 microns. 
Holotype. — Imp. 1709, 4—20.5 X 116.2; 51 microns, spore body 33 microns, depth from pole to pole (full inflation?) 


17 microns; Cushions 13 microns thick. 
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Remarks. — Very infrequent. Triquitrites tendoris HAacQuEBARD and Barss 1957 is not microreti- | 
culate and has thinner cushions and girdle. 


Genus Monilospora Hacquzsarp and Barss emend. 


Spores radial; trilete; outline subcircular to subtriangular, spore body often tending to be sub- | 
triangular; spore body sculpture minor; spore body enclosed completely by an outer structure (capsula) 
that projects considerably beyond the spore body at the equator, capsula generally thin over the proxi- 
mal and distal surface of the spore body (often reduced to a broad marginal flange on corroded speci- 
mens), development variable, commonly fluted, often strongly crenulate at the outer margin (the crenulate 
margin sometimes preserved as a thickened outer edge to the “flange” in corroded specimens); sutures 


distinct, access to the exterior through grooves in the outer structure, length 1/2 — full body radius; 
entire spore structure thick in well-preserved specimens. 

Genotype. — Monilospora moniliformis HAcQuEBARD and Barss 1957. 

Remarks. — Well-preserved specimens are seldom encountered. A reasonably complete sequence 


of specimens is shown in plate 6, figures 1—9. In Hacquzsarn and Barss 1957, Monilospora moniliformis, 
Tendosporites subcrenatus (non Wazrz 1938) and perhaps Densosporites subserratus probably represent 
the same species, each being the result of variable preservation. The diagnosis of the capsula is the 
basis of the emendation presented here. 


Monilospora mutabilis n. sp. 
Plate 6, Figures 1—7, 9 

Spores trilete; almost circular in proximal view; spore body concavely to convexly triangular to 
subcircular, levigate; outer structure completely encloses spore body but may be reduced to a pseudo- 
cingulum with about 1.5 microns overlap on the spore body; capsula thickness uniform near spore body 
margin (on corroded specimens appears to have a marginal thickening and an inner thinner zone 
sometimes showing large crescent-shaped thin areas separated by narrow thicker bands that terminate 
in caps in the outer zone), outer portion usually fluted, outer margin variable, sometimes crenulate, 
usually finely granulose but may be levigate; sutures distinct, access to the exterior through V-shaped 
grooves in the outer structure (corroded specimens have narrow slightly raised lips that may be a relict 
of the capsula), ratio ?/s—*/s; color amber yellow to amber brown; diameter 55—66 microns, spore body 
30—38 microns. 

Holotype. — Imp. 1707 n.s., 16—27.5 X 124.7; 55 microns, spore body 24 microns (fig. 1). 

Illustrated. — Imp. 1707, 1—31.6 X 117.3; 57 microns (fig. 2); Imp. 1707 n.s., 9—29.5 X 113.1; 57 microns (fig. 3); Imp. 
1707, S—25 X 125; 60 microns (fig. 4); Imp. 1707, 9—35 X 125.7; 68 microns (fig. 5); Imp. 1707, 4—47.8 X 116.2; 63 microns, 


exposed spore body 36 microns (fig. 6); Imp. 1707, 1—41 X 111.8; 60 microns (fig. 7); Imp. 1709, 5—24.7 X 117; 50 microns 
(fig. 9). 


Remarks. — M. moniliformis is smaller and has shorter sutures. 


Monilospora sp. 
Plate 6, Figure 8 
Illustrated. — Imp. 1938, 2—42 X 120; 64 microns. 
Remarks. — Upper Mississippian, northern British Columbia. A nearly perfect specimen of a species 
closely related to M. mutabilis n.sp. Slightly older horizon. 


Genus Murospora Somers 1952 


Hacquesarp and Barss 1957, p. 34, contend that the species they describe as Simozonotriletes intortus 
(Wazrz) has a centrifugal extension, similar to that of Tendosporites subalatus, and not a true cingulum. 
They consider Murospora as congeneric with Simozonotriletes. Specimens of Murospora provided by 
HAcQuEBARD from the Mabou coal area (Westphalian D interval), Cape Breton Island, are capsulate. 

In this paper are described three groups of spores, each differing in structure. One has a true 
cingulum, one has a distal patella (acorn structure, diminutive of patina), and the third is completely 
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gloved by an outer structure (capsula). Because of the transparency of the patella or capsula over the 
proximal and distal faces of the spore body, these structures can be demonstrated only with careful 
lighting, good optics, and high magnifications (oil). It is this author’s opinion that these spores are com- 
posed of a separate spore body and a tightly attached but separate outer structure, not a centrifugal 
extension to the spore body. In any case, Hacguesarp and Barss are the first to recognise the nature of 
these spores. It still remains to be demonstrated whether the type specimen of Simozonotriletes intortus 
(the genotype) has a true cingulum, patella, or capsula. For this reason, and also because of the priority 
of Murospora, Simozonotriletes is not used in the nomenclature of this paper. Westphalensisporites 
ALPERN 1958 is synonomous to Murospora of kosankei type. 

The difference between the patellate and the complete outer structure is considered to be a variation 
at the specific level, hence Murospora is used for both types. Further study may show a need for 
several genera. Tholisporites BurrerwortH and Wırrıams 1958 has a distal patella (patina). From the 
photographs it appears that the patella is almost opaque and very distinct, sculptured, and contrasts 
strongly with the thin-walled spore body. It also seems that Tholisporites is often compressed normal 
to the proximal-distal plane. This type of compression is infrequent on the specimens here assigned as 
species of Murospora. Tholisporites with verrucose patellae are present in the Banff formation of Alberta. 


Murospora cf.? Zonotriletes intortus Wautz 1938 
Plate 6, Figures 10—12 

Spores trilete; outer structure and spore body outlines both concavely triangular, radial corners 
fully rounded, both levigate; patella tightly attached distally and at the equator (acorn-like), slightly 
widened and thickened radially, overlap on proximal surface of spore body slight; sutures distinct, 
ratio */s (excluding patella), lips narrow and faintly thickened; color amber brown, appearance resinous; 
size 38—70 microns, spore body 26—42 microns. 

Illustrated. — Imp. 1707 n.s., 5—32.7 X 118.7; 44 X 47 microns, spore body 26 X 29 microns (fig. 11); Imp. 1709, 
422.7 X 116.7; 70 microns, spore body 42 microns (fig. 10); Imp. 1707, 5—22.6 X 117.3; 45 microns (fig. 12). 

Remarks. — Spores described by HacqueBarp and Barss 1957 as Simozonotriletes intortus (WALTZ) 
by direct comparison differ in shape, have thinner spore walls, and possess contact area decoration. 
Note in Figure 10 the separation of the patella from the spore body, indicating that the two are separate 
structures. The structure is analogous to that of an acorn. Similar species have been described by 
BUTTERWORTH and WırLıams 1958 and by DyBova and Jacnowıcz 1957. 


Murospora tripulvinata n. sp. 
Plate 6, Figures 13—15 

Spores trilete; outline triangular; interradial sides of spore body concave to convex, radial corners 
rounded; patella closely attached equatorially and distally, greatly expanded into evenly rounded 
cushions at each radial corner, proximal overlap onto spore body about 3 microns; spore body and 
patella both levigate, resinous in appearance; sutures distinct, ratio about 4/5; color dark amber brown; 
size 54—75 microns, spore body 36—46 microns. 

Holotype. — Imp. 1707 n.s., 10—40.6 X 111.2; 74 microns, spore body 45 microns (fig. 18). 

Illustrated. — Imp. 1707 n. s., 6—31.8 X 112.3; 54 microns, spore body 36 microns (fig. 14); Imp. 1707 n.s., 7301612608; 
63 X 66 microns (fig. 15). 

Remarks. — Z. sublobatus Watrz seems to have thicker cushions of irregular shape (see Plate 6, 
Figure 19, a form from somewhat older beds). Satisfactory comparison cannot be made with Z. trivalvis 
Wa tz 1938. 

Murospora laevigata n. sp. 
Plate 6, Figure 21 

Spores trilete; outline concavely triangular; laevigate; spore body completely enclosed; capsula 
thick, resinous in lustre, radial corners slightly widened and thickened; sutures distinct, simple, enclos- 
ing structure grooved to provide access, ratio 4/5- color amber yellow to light amber brown; size 47—63 
microns, spore body 33—41 microns. 
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Holotype. — Imp. 1707 n. s., 6—36.8 X 122.1; 61 63 microns, spore body 41 microns; equatorial projection of capsula 
about 8 microns interradially and 12 microns radially. 
Remarks. — Murospora sp. cf.? Zonotriletes intortus WaLrz is not covered proximally and has more 


broadly rounded radial extremities. 


Murospora varia n. sp. 
Plate 6, Figures 16—18 

Spores trilete; spore body convexly triangular; laevigate overall; capsula completely surrounds 
and extends beyond spore body, outline subtriangular, subeircular or irregular, thick but thinner over 
the poles of the spore body, usually thickened at radial corners but thickenings may be irregularly 
placed and up to five in number, thickenings sometimes considerably expanded or rolled; capsula 
grooved to give access to the sutures, sutures distinct, lips narrow and slightly raised, length almost 
equal to spore body radius, often bordered by darker colored wide bands that are the results of local 
thickenings in the capsula; color dark amber brown, spore body light in color if the capsula is poorly 
developed over the poles; size 50—69 microns, spore body 30—38 microns. 

Holotype. — Imp. 1707 n.s., 6—33.6 X 124.2; 58 X 62 microns, spore body 31 X 36 microns (fig. 17). 

Illustrated. — Imp. 1707 n.s., 7—36.3 X 114; 64 X 62 microns, spore body 39 microns (EM) emp ATOS 
10—37.5 X 113.1; 63 microns (fig. 18). 


Remarks. — Capsula variable in shape and development. 


Murospora sp. cf. M. varia n. sp. 
Plate 6, Figure 19 
Remarks. — Closely allied species or variety from a slightly older horizon in British Columbia. 
Imp. 1938, 2—34.9 X 115.5; 65 microns. 


Murospora circumscutata n. sp. 
Plate 7, Figure 5 

Spores trilete; subcircular; spore body convexly triangular to egg-shaped, margin appears slightly 
thickened; capsula thick, evenly to irregularly circular in outline, may have local thickened areas, com- 
pletely encloses spore body, deeply grooved to the sutures but grooves not always as long as the sutures; 
spore levigate overall; sutures distinct, ratio °/10; color dark amber brown, lustre resinous; size 75—90 
microns, spore body 50—60 microns. 

Holotype. — Imp. 1707 n.s., 8—39.2 X 114.4; 78 microns, spore body 53 microns. 

Remarks. — The relative evenness in width and thickness of the outer structure around the equator 
of the spore body distinguishes this species from Murospora varia n.sp. The size is larger and the color 
is generally darker. Internal corrosion of the capsula near the equator of the spore body is common. 
Cincturasporites altilis HacgueBARD and Barss has elevated sutural lips, a definite cingulum, and a granu- 
lose-punctate spore body. 


Murospora paenulata n. sp. 
Plate 7, Figures 1—4 

Spores trilete; spore body subcircular to egg-shaped in outline, completely enclosed; capsula cir- 
cular in outline, thick, extending greatly beyond the spore body at the equator, its equatorial margin 
entire, scalloped or fluted, surface very minutely granulose to levigate, granulations at the outer margin 
sometimes coarser; sutures distinct, ratio 4/5; capsula cut by through-like depressions that give access 
to the dehiscence mark, their margins slightly scalloped to resemble broad sutural lips at low magni- 
fications; spore amber brown; size 100—128 microns, spore body 52—67 microns. 

Holotype. — Imp. 1707 n.s., 1—45.3 X 121.1; 119 microns, spore body 56 X 60 microns (fig. 1). 

Illustrated. — Imp. 1707 n. s., 7—27.3 X 124.4; 108 X 115 microns (fig. 2); Imp. 1707, 1—30.5 X 113.3; 111 microns (fig. 3). 

Remarks. — The equatorial margin may be variously incised, sometimes developing mushroom- 
shaped granulose caps. Corroded specimens appear to have a girdle with a thick, scalloped outer margin. 
Zonotriletes macrodiscus WaLrz 1938 (not described) and Euryzonotriletes Naumova 1937 may be similar. 
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Genus Tendosporites HACQUEBARD and Barss 1957 


The structure around the spore body is here interpreted as a capsula, not as a centrifugal extension 
of the spore body. Species described by HacquEBARD and Barss 1957, other than the genotype T. sub- 
alatus, perhaps should be excluded in order to make the genus a tightly knit unit. 


Tendosporites volucricatinus n. sp. 
Plate 6, Figure 20 

Spores trilete; outline subcircular; spore body very minutely granulose (oil); sutures distinct, cutt- 
ing the capsula, lips very narrow and very slightly raised, extending to spore body margin; outer struc- 
ture (capsula) continuous around the spore body, its equatorial extension beyond the spore body marked 
by two zones in the same plane, inner zone thicker with a few ruffles or ridges on the surface, outer 
zone tapered and occasionally very minutely granulose; lustre waxy; size 42—50 microns; spore body 
22—26 microns. 

Holotype. — Imp. 1707 n.s., 6—41 X 123.1; 50 microns, spore body 26 microns. 


Remarks. — The continuation of the capsula over the spore body is not present on all specimens. 


T. subalatus HacquEBARD»D and Barss 1957 is larger, levigate, lacks sutural lips, and has a less developed 
zonate appearance. 


Genus Alatisporites Israxm emend. S., W. and B. 1944 
Alatisporites? parvisaccus n. sp. 
Plate 7, Figure 6 

Spores trilete; triangular, interradial sides slightly concave to slightly convex, radial corners 
broadly rounded; a small bladder is attached distally at each radial extremity, shape oval, size 24—42 
microns at right angles to the radial corners of the spore body and projecting 8—10 microns beyond 
spore body; spore body levigate, thick, dark brown, margins slightly thickened (“limbate”); bladders 
levigate, thin, light yellow, commonly folded; sutures distinct, lips slightly thickened (probably intern- 
ally), ratio over 4/5; overall size 64—76 microns. 

Holotype. — Imp. 1709, 2—39.2 X 116.7; central body 55 microns, 69 microns overall. 

Remarks. — No comparable species to this infrequent form. 


Alatisporites tessellatus n. sp. 
Plate 7, Figure 10 

Spores trilete; outline circular; spore body covered with crowded interconnected vermiculate ridges, 
lacunae reduced to fine lines; bladders distally attached, not closer to the distal pole than 1/2 the spore 
body radius, extending about 15 microns beyond the spore body margin in proximal view, closely over- 
lapped, about eight in number, commonly severely folded; sutures indistinct, ratio over '/2; size 66—83 
microns; spore body 55—58 microns. 

Holotype. — Imp. 1707 n.s., 7—34.6 117.7; 83 microns, spore body 56 microns. 

Remarks. — The larger Alatisporites punctatus KosankE 1950 is obervermiculate, but has a more 
triangular spore body and fewer bladders. 


Alatisporites type A 
Plate 7, Figure 7 

Spores trilete; outline subcircular; spore body circular, coarsely convolute with interlocking vermi- 
culate ridges; bladders distally attached, about 8 in number; levigate; sutures indistinct, ratio about 
3/4, lips narrow, faint, slightly elevated; size 38—41 microns, spore body 30—32 microns. 

Illustrated. — Imp. 461 (HALBERTSMA), 9—49.8 X 118; size 39 microns, bladders extend 7 microns beyond margin of 
spore body. 

Remarks. — Smaller size and coarser sculpture than Alatisporites tessellatus n. sp. 
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Genus Proprisporites NEVEs 
Proprisporites? sp. A 
Plate 7, Figure 14 

Spores circular in outline, composed of spore body and enclosing transparent thin ruffled perisporal 
membrane; spore body thin, levigate, sutures not visible; diameter 55 microns, spore body 45 microns. 

Illustrated. — Imp. 1707, 4—49.2 X 117.4. 

Remarks. — The characteristics are a little different from those defined for Proprisporites. Forms 
typical of Neves genus are present in other Upper Mississippian beds in western Canada. 


Genus Vallatisporites HacqQuEBARD 1957 
Vallatisporites? sp. A 
Plate 7, Figure 21 

Spores trilete; circular; composed of central body and perispore?, proximal surface of both central 
body and perispore faintly roughened (oil); distal and equatorial portions of perispore thickened and 
bearing scattered pointed spines, up to 2.5 microns long, about 1'/1 microns in diameter at their base, 
seemingly tightly compressed to the distal hemisphere of the spore; sutures distinct, length almost equal 
to central body radius, lips developed on the perisporal membrane, highly elevated narrow ridges 
almost 5 microns in height, the tightly closed sutures on the spore body sometimes decorated by almost 
submicroscopic punctations along the sutural line; thickened perispore? extension up to 4.8 microns 
wide at interradial portions of equator, narrower at radial portions where it extends onto the central 
body to meet the tips of the sutures (points of attachment?); spore wall moderately thick, dark yellowish 
brown; diameter averages slightly over 50 microns, central body slightly over 40 microns. 

Illustrated. — Imp. 1709, 4—30.8 X 121.2; diameter 51 microns, central body 43 microns. 

Remarks. — This species is provisionally assigned because of scarcity and uncertainty concerning 
its true structure. 


Genius Retisporainm, gen 


Spores radial, trilete; shape lenticular; in proximal view outline subtriangular to circular; composed » 
of spore body and closely attached perispore that extends beyond the spore body equatorially; sutures 
‚simple, indistinct, three apical papillae sometimes present at their conjunction; perispore tightly bound 
to spore body proximally and distally, its proximal surface may be minutely granulose and wrinkled, 
distal surface granulose-punctate to strongly reticulate; spore body relatively thick and seldom folded, 
perispore relatively strong, occasionally folded; size of described species 37—60 microns. 

Genotype. — Retispora florida n. sp. 


Remarks. — The externally granulose-punctate to reticulate perispore distinguishes this genus. 
The name is derived from the Latin retis, a fishing net. A species in the Banff formation is minutely 
sculptured, approaching a granulose-punctate appearance, and has the apical papillae. 


Retispora florida n. sp. 
Plate 7, Figures 1, 13 

Spores trilete; subcircular to convexly triangular in proximal view; shape lenticular; spore body 
levigate or minutely sculptured, but may be drawn into the sculpture of the perispore because of close 
appression with the latter; perispore strongly reticulate distally, muri low, rounded, not over one micron 
wide or high, lacunae variable; surface of perispore over proximal surface of spore body finely wrinkled 
and faintly granulose; sutures indistinct, simple, appearing as faint lines if at all, ratio about °/4; three 
apical papillae sometimes visible at the junction of the sutures; spore body darker in color than peri- 
spore; secondary folding of perispore occasional; size 37—60 microns, spore body 29—39 microns. 

Holotype. — Imp. 443 B (HALBERTSMA), 5—48.5 X 121.8; size 41 microns, spore body 28 microns. 

Illustrated. — Imp. 467 (HALBERTSMA), 4—46.5 X 112.8; size 60 microns, spore body 39 microns. 
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Genus Endosporites Wus. and Cor 1940 
Endosporites? parvus n. sp. 
Plate 7, Figures 8, 12 


Spores trilete; outline subeircular; spore body circular, faintly roughened; perispore minutely granu- 
lose-punctate or microreticulate (corrosion?), outer margin levigate and slightly thickened; sutures 
indistinct, length about equal to spore body radius, commonly involved in folds that extend to the outer 
margin of the perispore; spore layers seldom well-preserved; size 24—35 microns, spore body 16—20 
microns. 

Holotype. — Imp. 1707, 1—49.4 X 116.5; size 33 microns, spore body 17 microns (fig. 12). 

Illustrated. — Imp. 1707, 5—47.5 X 118.3; 24 X 27 microns, spore body 17 microns (fig. 8). 

Remarks. — Fairly common above the coal. The crenulation of the perisporal margin as seen on 
the holotype is a common secondary feature. The spore body is often indistinct, which, along with the 
more limbate perisporal margin and common folding along the sutural positions, distinguish this species 
from Endosporites minutus HOFFMEISTER, STAPLIN and MAL Loy. 


Endosporites sp. A 
Plate 7, Figure 17 


Surface levigate — very finely granulose. A member of the E. pallidus — E. minutus group of 
spores. 
Illustrated. — Imp. 461 (HALBERTSMA), 10—52.2 X 122.6; 53 microns, spore body 31 microns. 


Endosporites delicatus n. sp. 
Plate 7, Figures 16, 19—20 
Spores trilete; in proximal view outline subcircular; proximal surface of central body not covered 
by bladder; central body minutely granulose; bladder granulose-punctate (oil); distal surface sometimes 
bears scattered larger granules; sutures simple, ratio */s; wall of central body thin, bladder diaphanous 
and commonly folded or torn; diameter 50—60 microns; central body 32—40 microns. 
Holotype. — Imp. 1710, 10—38 X 126.1; diameter 60 microns, central body 40 microns (fig. 20). 


Illustrated. — Imp. 1710, 2—30.4 X 121.2; 50 microns overall, central body 35 microns (fig. 16); Imp. 1710, 10—43.2 X 110.5; 
54 microns (fig. 19). 


Remarks. — The overall granulosity distinguishes this species from E. pallidus SCHEMEL 1950. 


Endosporites cf. E. macromanifestus HACQUEBARD 1957 
Plate 8, Figure 2 
Endosporites macromanifestus HacQueBarD 1957, p. 317, pl. 3, figs. 14—15. 
Illustrated. — Imp. 468 (HALBERTSMA), 1—42.8 X 122.3; 120 microns overall, spore body 54 X 66 microns. 
Remarks. — Specimens from the Golata Formation have distinctly granulose bladder membranes. 
Very infrequent. 


Endosporites sp. B 
Plate 7, Figure 11 


Spores trilete; convexly subtriangular; spore body indistinct, bladder wall corroded; outer margin 
of bladder slightly thickened; size 75 microns, spore body 48 microns. 

Illustrated. — Imp. 468 (HALBERTSMA), 7—40.3 X 123.2. 

Endosporites sp. C 
Plate 7, Figure 18 

Spores trilete; bladder convexly subtriangular; spore body subcircular; outer margin of bladder 
slightly thickened; spore wall corroded; size 75 microns, spore body 45 microns. 

Illustrated. — Imp. 1707, 5—31.5 X 118. 
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Endosporites golatensis n. sp. 
Plate 8, Figures 1, 4 

Spores trilete; outline subcircular; spore body circular, granulose-punctate; bladder thin, minutely 
granulose-punctate; sutures distinct, simple, ratio about ?/s—*/1; bladder commonly folded; size 108—140 
microns, spore body 84—94 microns. 

Holotype. — Imp. 1707, 4—49.3 X 119; diameter about 130 microns, spore body 82 X 90 microns (fig. 1). 

Illustrated. — Imp. 1707, 5—40 X 121.3; 90 X 108 microns; spore body 75 X 84 microns (fig. 4). 

Remarks. — This species lacks the distinct apical papillae of E. plicatus Kosanxe 1950 as well as 
internal bladder sculpture. Endosporites plicatus Kosanke in Dysova and JacHowıcz 1957 seems to be 
much closer to this species, although it too is smaller in size. 


Genus Endoculeospora n. gen. 


Spores radial; trilete; outline circular, spore body completely enclosed by bladder; spore body 
sculpture absent — minor; bladder levigate — minutely granulose but for scattered prominent mostly 
distal granules or verrucae on some species; sutures indistinct, length generally less than spore body 
radius but often obscured by folds on the bladder; spore body distinct, size large relative to bladder 
size, roughly ?/s—%/4 total spore diameter; proximal-distal orientation the rule although folding common. 

Genotype. — Endoculeospora rarigranulata n. sp. 

Remarks. — Endosporites has an internally punctate-reticulate bladder that is larger relative to 
spore body size and lacks external sculpture. Grandispora has a strongly spinose thicker-walled bladder. 
Method of spore body-bladder attachment similar to that of Wilsonia (Kosanxe 1950, Illinois Bull. 74, 
pl. 14, fig. 3). 

Endoculeospora rarigranulata n. sp. 
Plate 8, Figures 3, 6 

Spores trilete; circular; spore body levigate; bladder proximally levigate — minutely granulose, 
distally minutely granulose but with scattered large granules; sutures indistinct, length about ‘/2 spore 
body radius but obscured by secondary folds sometimes extending to bladder margin; spore body variable 
in density but always distinct; bladder commonly folded along sutures and in arcs along the spore body 
margin; size 70—85 microns. 

Holotype. — Imp. 1709, 3—41.8 X 116.2; 77 microns, spore body 55 microns (fig. 3). 

Illustrated. — Imp. 1709, 4—29.5 X 118.3; 78 microns (fig. 6). 


Endoculeospora rarigranulata var. densigranulata n. var. 
Plate 8, Figure 5 


Similar to type, but bladder surface densely covered with variable large granules (+ 1.5 microns 
diameter); sutures distinct, simple, involved in secondary folding; 80—90 microns. 
Type. — Imp. 1709, 5—38.7 X 117.5; 82 X 88 microns, spore body 73 X 79 microns. 
Endoculeospora n.sp. A 
Plate 8, Figure 7 
Simular to type, but lacks larger granules. Overall size 63—74 microns. 
Illustrated. — Imp. 1709, 4—35.3 X 116.6; 63 microns, spore body 44 microns. 


Genus Auroraspora Horr., Star., Mar. 1955 
Plate 7, Figure 15 


Auroraspora solisortus H., S., M. 1955, p. 381, pl. 37, fig. 3; A. solisortus H., S., M., Burrerwortu and 
WiuuiaMs 1958, pl. 4, fig. 11. 


Illustrated. — Imp. 1709, 2—26X123.4 n.s.; 78 microns, spore body 45 microns. 
Remarks. — Very infrequent. Bladder granulosity slightly coarser than in the type. 
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Genus Veliferaspora n. gen. 


Spores radial; trilete; outline triangular; shape lenticular; composed of spore body and large ap- 
pressed bladder, both convexly triangular in outline; spore body thin, sculpture minor; bladder sculpture 
zonate, coarser over the spore body and adjacent to the spore body. 

Genotype. — Veliferaspora triangularis n. sp. 


Remarks. — Zonate bladder sculpture and distinctly triangular shape distinguish this genus from 
Remysporites, Endosporites, and Florinites. 


Veliferaspora triangularis n. sp. 
Plate 8, Figures 11—12 

Spores trilete; outline convexly triangular; spore body thin, seldom preserved, granulose; bladder 
wall thin, very minutely reticulo-punctate (oil), thicker and more coarsely sculptured over the spore 
body and adjacent to the body, producing a zonate appearance; sutures simple, generally obscured by 
bladder folds that extend to the outer bladder margin; proximal and distal surfaces of bladder closely 
appressed; size 180—210 microns. 

Holotype. — Imp. 1707 n.s., 5—32.4 X 121.3; size 204 microns, spore body 70 microns. 


Genus Remysporites BurrerwortH and WırLıams 1958 
Remysporites albertensis n. sp. 
Plate 8, Figures 8, 10 

Spores trilete; outline of “bladder” and endospore circular; levigate except for contact area; endo- 
spore seemingly attached to the completely surrounding “bladder” at the contact area; contact area 
triangular, smaller than area defined by sutural termini, prominently sculptured with vermiculate to 
verrucose processes that diminish in size toward the edge of the contact area; sutures distinct, simple, 
length slightly over '/2 endospore radius; wall layers thin, transparent, light yellow, commonly folded, 
often broken; size 141—160 microns, endospore 100—128 microns. 

Holotype. — Imp. 1708, Z—36.8 X 119.4; 141 microns, endospore 111 microns, sutures 30 microns (fig. 8). 

Illustrated. — Imp. 1708, E—39.5 X 118.8; 150 microns (fig. 10). 

Remarks. — Prominent contact sculpture, consistently levigate “bladder”, and smaller size distin- 
guish this species from the genotype. More than one species may be included in the latter. 


Genus Didymosporites CHALONER 1958 
Didymosporites sp. 
Plate 1, Figure 12 
Illustrated. — Imp. 1708, coal, A—36.4 X 122.3; 275 microns maximum. 
Remarks. — A separated grain from the tetrad, very similar to material collected by CHALONER 
from the upper Dinantian of Northern Ireland (Ann. Bot., N.S. 22, p. 197—204). 


Spore type A 
Plate 4, Figure 4 
Spore strongly spinose, spines up to 13 microns long; diameter about 60 microns. 
Illustrated. — Imp. 1709, 5—43 X 116.7. 
Spore type B 
Plate 4, Figure 1 
Spore trilete; concavely triangular; distal hemisphere and equator spinose, spines up to 8 microns 
long and 1.5—2.5 microns wide at their bases; size excluding spines, 33 microns. 
Illustrated. — Imp. 1707, 1—27 X 123.1. 
Remarks. — This species perhaps should be assigned to Spinosistriletes DyBova and Jacnowicz 1957. 
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Spore type C 
Plate 8, Figure 9 


Trilete; outline subeircular; composed of spore body and enclosing perisporal membrane; spore body 
levigate, light amber brown; sutures simple, distinct, ratio over 3/4; perisporal membrane diaphanous, 
transparent, divided by muri into six large angular areas on the proximal surface, muri about 1.5 microns 


wide; overall size 80 microns; perispore extends about 6 microns beyond spore body margin. 
Illustrated. — Imp. 1710, 10—47.2 X 114.5; size 81 microns maximum. 
Remarks. — Cannot be reconciled with Proprisporites Neves or Endoculeospora n. gen. 


Incertae sedis 1 
Plate 3, Figure 3 


Reticulate fragments of the type illustrated are common in the coal. 
Imp. 1708, A—21.7 X 109; 40 microns. 


Incertae sedis 2 
Plate 4, Figure 34 


Body ellipsoidal, levigate; wall thickened and constricted at one end to form a neck (mode of attach- 
ment?), length of neck variable (19—52 microns), end of neck irregularly broken; sometimes yoked in 


pairs with a single neck; color dark amber brown. 
Illustrated. — Imp. 1707 n.s., 10—35 X 116.3; body 49 X 68 microns, neck 19 microns long. 
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Explanation of Plates 


Plate 1 


1. Leioaletes aliquandostriatus n. sp., holotype, 40 X 70 microns. 
2—3. Retialetes radforthii n.sp. 2. Holotype, 90 X 134 microns, 465 X. 3. Portion of another specimen, 725 Sc 
4,6. Azonotetraporina? horologia n.sp. 4. Holotype, 36 microns. 6. 46 X 57 microns. 
5. Calamospora exigua n.sp., holotype, 37 microns. 
7. Zonaletes hacquebardii n. sp., holotype, 93 microns. 
8. Fungus type A, 23 X 33 microns. 
9. Reticulatasporites atrireticulatus n. sp., holotype, 36 microns. 
10. Calamospora cf. C. liquida KosankE 1950, 73 microns. 
11. Calamospora sp. A, 69 microns maximum. 
12. Didymosporites sp., large grain of tetrad, 275 microns maximum. 
13—15. Chaetosphaerites? pollenisimilis (Horst). 13. Single cell, 13 microns. 14—15. Two and three-cell specimens. 
16. Cyclogranisporites parvulus n. sp. var. parvulus n. var., holotype, 30 microns. 
17,20. Punctatisporites curviradiatus n.sp. 17. 43 microns. 20. Holotype, 33 microns. 
18. Punctatisporites atrifucatus n. sp., holotype, 50 microns. 
19. Punctatisporites densiminutus n.sp., holotype, 24 microns. 
21. Cyclogranisporites parvulus n. sp. var. microparvulus n. var., holotype, 21 microns. 
92. Punctatisporites calvus n. sp. var. macrocalvus n. var., holotype, 75 microns. 
23. Phyllothecotriletes? belloyensis n. sp., holotype, 36 microns. 
94. Punctatisporites gracilirugosus n. sp., holotype, 45 microns. 
25. Cyclogranisporites parvulus n. sp. var. macroparvulus n. var., holotype, 42 microns. 
26. Punctatisporites calvus n. sp., holotype, 58 microns. 
27. Phyllothecotriletes golatensis n. sp., holotype, 58 microns. 
28. Cyclogranisporites cf. C. minutus Buarpway 1957, 39 microns. 
29, Cyclogranisporites tripapillatus n. sp., holotype, 33 microns. 
30. Cyclogranisporites triarcuatus n.sp., holotype, 67 microns. 
31. Punctatisporites? callosus HOFFMEISTER, STAPLIN, MaLLoy, 70 microns. 


Piate 2 


1. Cyclogranisporites tenebrosus n.sp., holotype, 61 microns. 
2. Microreticulatisporites pollensimilis n. sp., holotype, 58 microns. 
3,7. Cyclogranisporites? granivarius n. sp., holotype, 27 microns. SL HMS Oe: 
4,10. Verrucosisporites baccatus n. sp. 4. Holotype, 87 microns. 10.75 microns. 
5. Verrucosisporites baccatus n. Sp. var. microbaccatus n. var. type, 51 microns. 
6. Apiculatisporis baccatus (HOFF., STAP., MALL.) var. pauciverrucosus n. var. type, 17 microns. 
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8. Microreticulatisporites fundatus Horr., Star., MALL., 22 microns. 
9,13. Apiculatisporis baccatus (Horr., Star., MALL.). 9. 28 microns. 13. 31 microns. 
11. Microreticulatisporites parvirugosus n. sp., holotype, 34 microns. 
12,20—21. Convolutispora punctatimura n. sp. 12. 40 microns. 20. Holotype, 42 microns. 21. Holotype detail, showing 
punctae, 1700 X. 

14. Apiculatisporis baccatus (Horr., STAr., MALL.) var. densatus n. var., 20 microns. 
15. Apiculatisporis baccatus (Horr., Star., MALL.) var. A. raistrickii (Dysova and Jacnowıcz 1957, 32 microns. 
16. Reticulatisporites intertextus n. sp., holotype, 40 microns. 

17—18. Reticulatisporites exiguus n. sp. 17. Holotype, 33 microns. 18. 24 microns. 
19. Reticulatisporites exiguus n.sp., variation A, 30 microns. 
22. Convolutispora tessellata Horr., STAr., MALL., 53 microns. 
23. Reticulatisporites rudis n. sp., holotype, 60 microns. 
24. Reticulatisporites pseudopalliatus n. sp., holotype, 65 microns. 

25,27. Raistrickia boleta n. sp. 25. 75 microns. 27. Holotype, 90 microns. 
26. Reticulatisporites aequabilis n. sp., holotype, 64 microns. 


Plate 3 


1. Microreticulatisporites type A, 62 microns. 
2. Raistrickia golatensis n. sp., holotype, 50 microns. 
3. Incertae sedis I, 40 microns. 
5. Deltoidospora implumis n. sp. 4. Variation A, 24 microns. 5. Holotype, 27 microns. 
6. Granulatisporites jugaligranifer n. sp., holotype, 31 X 33 microns. 
7. Deltoidospora tripectora n. sp., holotype, 45 microns. 
8—9. Granulatisporites parvigranulatus n. sp. 8. Holotype, 32 microns. 9. 35 microns. 
10. Granulatisporites rudigranulatus n. sp., holotype, 45 microns. 
11—12. Granulatisporites triconvexus n. sp. 11. Holotype, 42 microns. 12. 37 microns. 
13. Granulatisporites type A, 36 microns. 
14. Granulatisporites microrugosus n. sp., holotype, 42 microns. 
15—17. Granulatisporites dumosus n. sp. 15—16. Holotype, 30 microns. 17. 26 microns. 
18—19. Granulatisporites rousei n. sp. 18. 24 microns. 19. Holotype, 24 microns, 1700 X. 
20—21. Granulatisporites angularis n. sp., holotype, 42 microns. 20. 750 X. 21. Portion of holotype, showing granu- 
les, 1700 X. 
22. Procoronaspora williamsii n. sp., holotype, 36 microns, 1700 X. 
23. Dictyotriletes? intestinus n. sp., holotype, 54 microns. 
24. Granulatisporites humerus n. sp., holotype, 55 microns. 
25. Procoronaspora butterworthii n. sp., holotype, 50 microns. 
26. Anapiculatisporites marginispinosus n. sp., holotype, 30 microns. 
27—28. Costaspora radiosa n.sp., holotype, 26 microns, 1700 X. 27. Proximal view, low focus. 28. Proximal view, 
high focus, showing lyrae. 
29—30. Dictyotriletes? spinifer n. sp., holotype, 20 microns, 1700 X. 29. Proximal view. 30. Central distal reticu- 
lation (low focus, taken from proximal side with planar lens). 


Plate 4 
1. Spore type B, 33 microns. 
2—3. Waltzispora albertensis n.sp., holotype. 2. Detail of radial extremity, 1700 X. 3. 725 X. 
4. Spore type A, 60 microns approx. 
5. Microreticulatisporites? albertensis n. sp., holotype, 35 microns. 
6—7. Tripartites complanatus n.sp. 6. Holotype, 30 microns. 7. 30 microns. 
8. Lycospora tenuimembrana n. sp., holotype, 28 microns. 
9. Triquitrites sp. cf. T. inusitatus KosAnke, spore body 46 microns. 
10. Lycospora granianellatus n. sp., holotype, 26 microns. 
11. Lycospora lobulata n. sp., holotype, 29 microns. 
12. Lycospora sp. cf. L. micrograna HACQUEBARD and Barss, 39 microns. 
13, 17—18, 20. Lycospora uber (Horr., Star., MALL.) n. comb. 13. 37 microns. 17. 28 microns. 18. 35 microns. 20. 33 microns. 
14. Lycospora praetergranulata (Horr., Srar., MALL.) n. comb., 48 microns. 
15—16. Lycospora tenebricosa n. sp. 15. 42 microns. 16. Holotype, 37 microns. 
19. Lycospora sp. A, 39 microns. 
21—23. Retusotriletes golatensis n. sp. 21. 39 microns. 22. Holotype, 33 microns. 23. 30 microns. 
24,29. Asterocalamotriletes albertensis n. sp., holotype, 27 microns. 24. 725 X. 29. 1700 X. 


25. 
26—28. 


30—33. 
31, 35. 


15—16. 


19—20. 
21—22. 


17,9. 


15. 
16, 19—20. 
17. 
18. 
21. 
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Camptozonotriletes vermiculatus n. gen. n. sp., holotype, 64 microns. 

Spinozonotriletes? exiguus n. sp. 26. Small specimen, 27 microns. 27. Holotype, 36 microns. 28. Variation A. 
33 microns. 

Lycospora? verrucosa n. sp. 30. Holotype, 30 microns. 33. 32 microns. 

Camarozonotriletes circumligus n. sp. 31. 35 microns. 35. Holotype, 30 microns, 1875 X. 

Cirratriradites solaris HacQuEsarp and Barss, 105 microns. 

Incertae sedis II. Body, 44 X 68 microns; neck, 19 microns long. 


Plate 5 


Reinschospora cervicornuta n.sp. 1—2. Holotype, 55 microns. 1. Detail showing distal apiculae, 1700 X. 
2. 725 X. 3.56 microns. 

Densosporites tripapillatus n.sp. 4. Holotype, 30 microns. 5. 33 microns. 

Densosporites simplex n. sp., holotype, 32 microns. 

Reinschospora jubata n. sp. 7. Holotype, 71 microns. 8. Specimen showing apiculae on fused rim, 78 microns. 
Densosporites spinifer Horr., Srar., MALL., 35 microns. 

Densosporites cf. D. capistratus Horr., Srar., MALL., 47 microns. 

Densosporites landesii n. sp., holotype, 70 microns. 

Densosporites cf. D. intermedius BUTTERWORTH and WILLIAMS, 45 microns. 

Densosporites rotatus n. sp., holotype, 47 microns. 

Densosporites cuneicinctus (Horr., Srar., MALL.) nom. nov., 60 microns. 

Tripartites golatensis n. sp. 15. 47 microns. 16. Holotype, 55 microns. 

Tripartites inciso-trilobus (Wazrz), 62 microns. 

Reinschospora sp. A, 41 microns. 

Tripartites serratus n. sp. 19. Holotype, 60 microns. 20. 60 microns. 

Tripartites microreticulatus n.sp. 21. Holotype, 51 microns. 22. Detail of holotype, showing the fine distal 
reticulation, 1700 X. 


Plate 6 


Monilospora mutabilis n.sp. 1. Holotype, 55 microns. 2. 57 microns. 3.57 microns. 4. 60 microns. 5. 68 microns. 
6. Portion of specimen, 63 microns. 7. Portion of specimen, 60 microns. 9. Outer portion of outer structure 
missing, 50 microns. The photographs show the various appearances of this species resulting from the 
progressive destruction of the outer structure. 

Monilospora sp., 64 microns. Well-preserved specimen from slightly older horizon, showing essential 
features of the genus. 

Murospora sp. cf? Zonotriletes intortus Wazrz 1938. 10. 70 microns. 11. 44 X 47 microns. 12. 45 microns. 
Murospora tripulvinata n.sp. 13. Holotype, 74 microns. 14. 54 microns. 15. Corroded specimen, 63 X 66 
microns. 

Murospora varia n. sp. 16. 62 X 24 microns. 17. Holotype, 58 X 62 microns. 18. 63 microns maximum. Irregu- 
larly rolled rim. 

Murospora sp. cf. M. varia n. sp., 65 microns. From a slightly older horizon. 

Tendosporites volucricatinus n. sp., holotype, 50 microns. 

Murospora laevigata n. sp., holotype, 61 X 63 microns. 


Plate 7 


Murospora paenulata n.sp. 1. Holotype, 119 microns. 2. 108 X 115 microns. 3. 111 microns. 4. Another 
specimen, detail of deeply incised outer structure. All photographs 465 X. 

Murospora circumscutata n. sp., holotype, 78 microns. 

Alatisporites? parvisaccus n. sp., holotype, 69 microns. 

Alatisporites type A, 39 microns. 

Endosporites? parvus n.sp. 8. 24 X 27 microns. 12. Holotype, 33 microns. 

Retispora florida n. gen. n. sp. 9. Holotype, 41 microns. 13. 60 microns. 

Alatisporites tessellatus n. sp., holotype, spore body 56 microns, about 83 microns overall. 
Endosporites sp. B, 75 microns. 

Proprisporites? sp. A, 55 microns. 

Auroraspora solisortus? Horr., Stap., MALL., 78 microns. 

Endosporites delicatus n. sp. 16. 50 microns. 19. 54 microns. 20. Holotype, 60 microns. 
Endosporites sp. A, 53 microns. 

Endosporites sp. C, 75 microns. 

Vallatisporites? sp. A, 51 microns. 
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Plate 8 


4. Endosporites golatensis n.sp. 1. Holotype, 139 microns maximum. 2. 90 X 108 microns. Both 465 X. 
2. Endosporites cf. E. macromanifestus HacqueBaRD 1957, 120 microns, 487 260 
3,6. Endoculeospora rarigranulata n. gen. n. sp. 3. Holotype 77 microns, body 55 microns. 6. 78 microns. 
5. Endoculeospora rarigranulata n. sp. densigranulata n. var., type, 82 X 88 microns. 
7. Endoculeospora n. sp. A, 63 microns. 

8,10. Remysporites albertensis n. sp. 8. Holotype, 141 microns. 10. 150 microns. Both 465 X. 

9. Spore type C, spore body 58 X 70 microns. 

11—12. Veliferaspora triangularis n. gen., n. sp., holotype, 204 microns. 11. 190 X. 12. 465 x. 


Retouchedphotographs 


Plate 1. Fig. 7, girdle; Fig. 29, apical papillae. 

Plate 2. Fig. 25, outer margin; Fig. 27, outer margin. 

Plate3. Fig. 29, spinose margin. 

Plate4. Fig. 1, spines; Fig. 4, spines; Fig. 8, outer margin. 

Plate5. Fig. 11, outer zone; Fig. 12, outer margin; Fig. 16, outer margin of auriculae. 

Plate 6. Fig. 20, outer margin. 

Plate 7. Fig. 6, outer bladder margins; Fig. 7, outer bladder margins; Fig. 10, outer bladder margins. 
Plate 8. Fig. 6, endospore margin; Fig. 7, outer bladder margin; Fig. 10, endospore margin. 


Abstract 


Described are 133 species, varieties, and types of spores, 93 new. Nine new form genera are proposed. Monilospora 
is emended. Forms with acorn-shaped distal structures (patella, patina) or with the spore body completely enclosed by 
an outer hull (capsula) are described. 

Comparisons are made with other assemblages of Upper Mississippian and Lower Pennsylvanian age in North 
America, Scotland, Central Europe and the U.S.S.R. Assemblages described from the Namurian A of Europe and the 
Upper Limestone group of Scotland are considered equivalent to North American Lower Pennsylvanian assemblages. 


Note 


The author has the perhaps misguided opinion that Namurian A assemblages are more similar to basal Pennsyl- 
vanian assemblages than to those of the original Chesterian type section. If Elvira group assemblages compare with those 
of the Namurian A, statements on pp. 2—4 must be reconsidered. F. L. STAPLIN 
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Abstract 


: > | 
The paper deals with the cuticular structure of some detached seeds and sporangia found in | 


fossiliferous shales from the Raniganj Coalfield, India. In addition, a seed described by Panr (1958) 


from Tanganyika, is referred to a new genus Stephanostoma (Spermatites) crystallinum n. comb. on the | 
basis of additional details seen in new specimens and some of his African sporangia are named Arberiella | 
africana gen. et sp.nov. The seeds from Raniganj are described under the names: Pterygospermum | 
raniganjense gen. et sp. nov., Pterygospermum sp. A and Platycardia bengalensis gen. et sp.nov., while | 


five types of sporangia referable to three form genera are described under the names: Arberiella vul- | 


garis n.sp., Lithangium ovoides gen. et sp. nov., L. surangei n. sp., L. indicum n. sp. and Polytheca elon- | 


gata gen. et sp. nov. 


Introduction 


From time to time numerous authors have described a considerable number of detached seeds of 
various types and some detached sporangia from the Lower Gondwana (Permo-Carboniferous) beds of 
the Southern-Hemisphere and India. In most cases, their structural details are unknown and therefore 
doubts have been cast regarding the actual nature of one or the other of these objects. At the same 
time, there are reports of various other fragmentary bodies whose precise nature is uncertain but which 
seemingly resemble seeds. e.g., objects described as “sporangia” by Trivepi (1953) and “seed-like struc- 
tures” by Guosu & Sen (1948). In addition, Saxsena (1947) has described an inadequately known and 
inappropriately described seed-like body under the name Capsulites gondwanensis which he suggests 
may be a bryophyte capsule. In any case, the general appearance of this structure is very different from 
that of some undoubted fossil moss capsules e.g., Muscites yallournensis, a Tertiary capsule, described 
by CLirrorp & Cookson (1953). 

Recently, however, Srivastava (1954), SURANGE (1957) and Pant (1958) have investigated the internal 
structure of some detached Indian and African seeds. Srivastava (1954) described cuticles of a few small 
Indian seeds, Spermatites indicus, but his description indicates that his specimens are far from being 
complete and their structure is not at all fully understood. The seed-like bodies, Stereocarpus emargi- 
natus, described by Surance (1957) from Raniganj series of the Lower Gondwana of India, are likewise 
incompletely known. Panr (1958) has described two types of African seeds based on abundant well pre- 
served material and these are better understood. In addition to these, SuRANGE & SıncH (1953) have 
described the structure of an attached seed of Walkomiella indica. Perhaps the only Lower Gondwana 
sporangia, whose cuticular structure and spores are definitely known, are those described by Pant 
(1958). 

The need for investigating the structure of seeds and sporangia of Lower Gondwana age is there- 
fore obvious and it was with this end in view that the present study was undertaken. The present paper 
describes the structure of two new form genera of detached seeds from some Lower Gondwana shales 
from the Raniganj coalfield in West Bengal. A species of seeds described by Pant (1958) under the name 
Spermatites crystallinus is also redescribed on the basis of additional more complete specimens and 
referred to a new genus, Stephanostoma. Besides the seeds, the shales from Raniganj yielded numerous 
detached sporangia which have been referred to three new form genera. Some of Pant’s African sporangia 
are referred to Arberiella africana gen. et sp. nov. 

The material consisting of fossiliferous shales was collected from Raniganj coalfield, India by the 
senior author (D.D.P.). A preliminary study of the specimens under strong oblique illumination 
revealed a large number of compressions of the various types of seeds and some sporangia. Some of the 


nantes 


seeds and sporangia were later isolated from the rock by the usual methods (see Panr 1958). Microtome 
sections were cut after boiling them in a concentrated alcoholic solution of KOH for about four weeks 
(Thomas 1925, HALLE 1933). 

All the type specimens and figured material of this paper form part of the Divya DarsHan Pant 
collection of fossils at present located in the Botany Department of the Allahabad University. 


Description 


Seeds 


The seeds described below are found as carbonized compressions which have been classified under 
three genera on the basis of the presence of a wing or a funnel at the micropylar end or their absence. 
Their internal structure is, however, markedly similar and all the three genera may belong to closely 
related plants. They all show gymnospermous pollination by disaccate pollen grains of the same general 
type as found in some undehisced stalked sporangia described earlier by Panr (1958) from Africa and 
Australia and also here from the Raniganj coalfield. The association of such seeds, sporangia and pollen 
grains with Glossopteris leaves is well known (see Pant 1958, 1958 a and Tuomas 1958). It is, therefore, 
possible that they belong to the same plants which bore Glossopteris leaves, but it is also possible that 
the vegetative parts of the plants bearing these seeds have not been preserved. 


Genus Stephanostoma nov. 


Generic diagnosis. Seed, platyspermic, orthotropous, micropylar canal opening out into an 
open funnel-like structure, outer cuticle of integument thin, rim of pollen chamber wall showing elon- 
gate processes, nucellar cuticle tough, appressed to inner cuticle of integument upto chalazal hole, micro- 
pylar canal short, pollination typically by disaccate pollen grains. 

Type species. Stephanostoma crystallinum (Pant) n. comb. 

Discussion. The genus at present includes only one species which was earlier described by 
Pant (1958) under the non-commital name Spermatites Miner. In referring it to Miner’s genus, Pant 
had remarked that the structure of his seeds was not adequately understood and that they would pro- 
bably be well worthy of a generic rank when they were better known. The additional information 
obtained from more complete specimens enables us to attribute these Lower Gondwana seeds to a new 
genus which is very different from Mıner’s Spermatites, a North American Cretaceous form.’ 

The generic name refers to the open funnel-like chamber above the micropyle (Greek stephanos 
= funnel). 

Stephanostoma crystallinum n. comb. 
(Pl. 9, figs. 1—6; Text-figs. 1, 2, A—E) 
1958 Spermatites crystallinus Pant, p.165—169, Pl. 20, fig.6; Text-figs. 18, 19. 

Emended diagnosis. Seed, flattened, 1—1.5 mm long X 1—1.1 mm wide X 0.75 mm thick, 
oval, micropylar end obtusely pointed, chalazal end rounded, surface of seed showing polygonal cells, 
30 « wide, tending to be arranged in longitudinal rows, cells sometimes showing rounded dots (? papil- 
lae), seed usually showing small processes on surface, processes tapering towards their free ends, upto 
292 u long, often a funnel-like structure seen at micropylar end, 337 u long X 472 u wide, funnel surface 
showing polygonal cells, 45 « long X 35 u wide, funnel often containing numerous two winged pollen 
grains. Cuticles: outermost membrane (outer cuticle of integument) showing cell outlines similar to 
those on surface of seed and numerous rhombohedral, hexahedral or octahedral crystalline imprints. 


1 The other seed described by Pant (1958), too, cannot be retained within the genus Spermatites Miner. It differs 
from Stephanostoma and the Indian seeds described below in having upto four prominent ridges and in the absence 
of a funnel, wing or processes. Accordingly we propose the name Semenites tetrapterus (PANT) n. comb. for these seeds. 


= 


| 
A thin delicate membrane (inner cuticle of integument) forming inner lining of micropylar canal, else- | 
where inner cuticle of integument closely appressed to nucellar cuticle and extending all over its sur- | 
face upto chalazal hole. Inner cuticle of integument showing thin walled elongated cells, 84 u long | 
X 18 u wide, tending to be in longitudinal rows except at chalazal end where cells tending to be short | 
and irregular. Micropylar canal short, 80—90 u long X 100 .ı wide, extending upto base of funnel. An | 
excavated pollen chamber seen at micropylar end, pollen chamber wall showing cells with wavy out- | 
lines, 70 u long X 15 « wide, walls about 2 « thick, amplitude? of sinuosities averaging at 3 y, rim of | 
pollen chamber wall produced into tapering processes, sometimes extending into basal part of micro- | 
pylar canal, apices of processes usually single cell wide, elsewhere nucellar cuticle showing somewhat | 
more deeply sinuous cell outlines, amplitude of sinuosities averaging at 5 «, curves of cell walls some- | 
times becoming sharply angular or forming projecting peg like growths into lumina of cells, chalaza | 
about 300 « wide. Micropylar canal and pollen chamber often showing disaccate pollen grains, pollen | 
grains usually 50 « X 30 u in size. 


Holotype. Brit. Mus. (N. H.) Palaeont. Dept. no. V. 34473. 


Locality and horizon. Mhukuru coalfield, Songea Dist., Tanganyika; Ecca Series (“Upper | 
Coal Measures’’). | 


Description and discussion. In our attempt to extract duplicate specimens of S. cry- 
stallinum for comparison with our seeds from Raniganj we obtained forty-three seeds of the species 
from Panr’s material of borehole cores from the Mhukuru coalfield. These show some additional details 
and a single seed shows a short stalk, 183 « long (Pl. 9, fig. 2; Text-fig. 1, F). Twenty seeds show the 
unbroken funnel-like structure at the micropylar end. The cells on the surface of the funnel appear almost 
similar to those found elsewhere on the surface of the seed but sometimes they may be larger. When 
the seeds are macerated with ScuuLrze’s method, the funnel usually shows two winged pollen grains in 
the cavity of its funnel-shaped cuticle. The funnel-like structure is also present in some of the seeds 
described by Pant (1958; see his Text-fig. 18, A, B) but because only a small number of his specimens 
showed this structure he described it as a part of the “marginal plate tissue”. The funnel probably 
served as an outer receptive chamber for the pollen grains. Thirty of the more complete seeds show 
small processes usually arranged along the margin or near it on either face of the seed. However, one 
solitary seed assigned by us to this species shows a number of processes almost equally scattered all 
over its two faces. The processes on the margin are usually more prominent and longer than those on 
the two faces. They taper gradually towards their rounded ends. Occasionally the processes appear 
lobed, perhaps due to their bases being situated close to each other (Text-fig. 1, D). There is no doubt 
that it is the bases of such closely arising or even single processes with their tips broken and the flattened 
apical funnel which have been described by Pant (1958) as the marginal plate tissue. A single intact 
process may still be seen in his Text-fig. 18 C, but because only one such process was noticed, even this 
was mistaken for a portion of the plate-like tissue. 


The crystals of the outer membrane sometimes show short or long tail-like outgrowths similar to 
those of Pterygospermum raniganjense and Platycardia bengalensis (see pp. 46, 50). The size and character 
of the cells seen in the outermost membrane agrees with that of the cells seen in the surface of the seed 
but macerated cuticles in addition show crystalline imprints. The crystals were possibly formed inside 
the cells and we therefore regard the crystalline membrane as the outer cuticle of the integument. Be- 
tween the outer crystalline membrane and the rather tough nucellar cuticle lies a delicate membrane 
showing straight-walled, usually longitudinally elongated cells which we regard as the inner cuticle of 
integument. This membrane is closely appressed to the nucellar cuticle and covers it all over. Towards 
the micropyle it is produced into a short micropylar tube which extends only upto the base of the 
funnel (Pl. 9, fig. 6; Text-fig. 2, B). The straight walled cells figured by Pant (1958; see his Text-fig. 19, A) 


2 This word has been borrowed from the terminology of wave physics to denote the perpendicular distance 
between adjacent antinodes of the wavy cell walls. 
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Text-fig. 1. 
Stephanostoma crystal- 
linum (Pant) n. comb. 
A—G, compressed seeds 
each showing a funnel- 
like structure at the 
micropylar end and a 
number of processes on 
the sides. F, seed show- 
ing a short stalk at the 
base (see also Pl. 9, figs. 
1—5). A, D—G, SI. 29. 
B, SI. 30. C, SI. 33. A to 
G X 25. H, a process 
from seed A, magnified 
to show surface cells. 
X 125. I, surface cells of 
the funnel-like struc- 
ture of seed in A X 125. 
J, somewhat larger cells 
of the funnel-like struc- 
ture of the seed in D 
x 125. K, seed showing 
distribution of proces- 
ses on the surface and 
near the margins. SI. 29 
X 50. 


Text-fig. 2. A—E, Stephanostoma crystallinum (Pant) n. comb; F, Platycardia bengalensis gen. et sp. nov. ea a 
showing inner cuticle of integument round the nucellar membrane. Cell outlines are clearly seen on the le : 
side. The black spots at the micropylar end represent pollen grains. Sl. 34. X 50. B, micropylar end of see 
showing a number of pollen grains inside the funnel-like structure and the pollen chamber (see also Pl. 9, an 
Sl. 32. X 125. C, sinuous-walled cells of the nucellar cuticle showing overlapping impressions of straight walle 
cells of the inner cuticle of integument. D, cells of nucellar cuticle at places showing projeckng. peg-like growths 
into the lumina of the cells. Impressions of overlapping straight walled cells of the inner cuticle of the inte- 
gument are also seen. C, D, Sl. 153. X 125. E, micropylar end of a seed showing a portion of the broken micro- 
pylar canal and pollen grains in the pollen chamber. SI. 36. X 125. F, ‚nucellar cap in top view showing Be 
ormed by cells of the pollen chamber. The short cells forming a ring round them represent the periphery o 
the floor of the pollen chamber (see also Pl. 10, fig. 22). SI. 78. X 125. 


actually belong to this layer. This is confirmed by the fact that similar cells in our specimens are seen 
in the membrane of the micropylar canal. They are continued downwards in the continuous portions of 
the same membrane which overlaps the nucellar cuticle. 

An excavated pollen chamber about 200 u deep is seen at the top of the nucellus. Frequently two 
winged pollen grains are seen inside the pollen chamber. Radiating processes arising from the rim of 
the pollen chamber wall, like those of Pterygospermum raniganjense (see p. 46), are present in Stephano- 
stoma crystallinum as well. The wall of the pollen chamber shows longitudinally elongated cells with 
wavy outlines. The conspicuous sinuous-walled cells on the outer surface of the pollen chamber wall 
were reported by Pant (1958; Text-fig. 19, D) but none of his specimens were such as to indicate clearly 
the existence of a pollen chamber. With the help of our specimens, obtained from the original Mhukuru 
coalfield borehole cores, we have confirmed that these sinuous-walled cells are not of the inner cuticle 
but belong to the pollen chamber wall. Elsewhere also the nucellar cuticle shows sinuous-walled cells 
but there the walls are more deeply sinuous. The overlapping cuticles of the two sides of nucellus often 
present an appearance as figured by Panr (1958; Text-fig. 19, C) but when a single layer of a teased 
nucellar cuticle is examined the sinuous outlines are clearly seen, sometimes showing overlapping 
impressions of straight-walled cells of the inner cuticle of the integument (Text-fig. 2, C, D). 

Comparison. In its internal structure Stephanostoma resembles the African seed Semenites 
(Spermatites) tetrapterus (PANT) n.comb. and the Indian seeds described here. It is, however, clearly 
distinguishable from all of them in having a characteristic micropylar funnel and the external processes. 
A megaspore membrane which is sometimes present in the Indian seeds has never been observed in 
Stephanostoma. In having a funnel-like open chamber outside the micropyle Stephanostoma may be 
compared with the radiospermic northern Palaeozoic seeds, Polylophospermum stephanense Bronce. (see 
OLıver 1904; Sewarp 1917) and Stephanospermum akenioides (Sewarp 1917), but they seem to differ in 
various other features, although it is impossible to compare the structural details of our compressed 
seeds with those of the above petrified forms. Moreover, Stephanostoma is platyspermic and much 
smaller than either Polylophospermum stephanense which is about 15 mm long or Stephanospermum 
akenioides which is 10 mm X 4—4.5 mm in size. 

Processes similar to those arising from the rim of the pollen chamber wall of Stephanostoma are 
also seen in the nucellar cuticles of seeds of Cycas revoluta, obtained by macerating them with ScHULTZE’S 
method. The cuticle of the nucellar cap in Cycas, however, usually shows straight-walled cells with 
occasional bits of walls which are slightly sinuous or arched. The cuticle of the nucellar cap in these 
modern seeds is continued downwards between the fused portions of the nucellus and integument but 
there it abruptly becomes much thinner. The cells near the boundary between the fused and the free 
parts of nucellus in Zamia floridana (Smarıro 1951, p. 48, fig. 4) and also in Cycas (observations of 
D. D. NaurtryaL) appear to be similar to the cells which we regard as indicating the level of the floor of 
the pollen chamber. We do not consider such cells in our seeds as representing a similar boundary 
because in our specimens a tough cuticle covers the entire nucellar surface right upto the base. 


Genus Pterygospermum nov. 


Generic diagnosis. Seed, platyspermic, orthotropous, margin of seed often showing a wing 
or its remnants, outer cuticle of integument thin, rim of pollen chamber wall showing elongate processes, 
nucellar cuticle tough, appressed to inner cuticle of integument upto chalazal hole, micropylar canal long, 
pollination typically by disaccate pollen grains. 

Type species. Pterygospermum raniganjense Nn. sp. 

Discussion. The new genus Pterygospermum is made for compressions of some small winged 
seeds from the Lower Gondwana beds of India. The seeds of Pterygospermum appear to be closely 
related to those of Stephanostoma crystallinum (Pant) n. comb. and Platycardia bengalensis gen. et 
sp. nov. which they resemble in the structure of their cuticles and pollination by two winged pollen 
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grains but differ from them in having a wing round the seed and in the absence of an open funnel | 
above the micropylar tube. An additional difference between Pterygospermum and Stephanostoma lies | 
in the relatively long micropylar canal of the former and the short canal of the latter. Seeds of Ptery- 
gospermum likewise resemble those of Caytonia or Amphorispermum (Harris 1932, p. 14) but differ in 
being platyspermic and in having processes in the pollen chamber wall and longer micropylar canals. 
The nucellar cuticle of Amphorispermum shows wide straight walled cell outlines while that of Pterygo- 
spermum has elongated sinuous walled cells. 
The generic name refers to the winged condition of the seed (Greek pterygo = fin or wing). 


Pterygospermum raniganjense n. sp. 
(Pl. 9, figs. 7—13; Pl. 10, figs. 14—16; Text-figs. 3, A—Q, 4—6) 

Diagnosis. Seed, flattened, orthotropous, averaging at 1.327 mm long X 0.9mm wide 0.731 mm 
thick, oval, micropylar end obtusely pointed, chalazal end rounded, margin of seed often showing remains 
of a flat wing about 229 u wide, surface of seed showing straight walled polygonal cells, 39 u X 19 u 
in size, tending to be in longitudinal rows, cells sometimes showing small rounded marks in middle. 
Cuticles: outer cuticle of integument delicate, upto 1 x thick, showing polygonal cells, cell surface often 
showing rhombohedral, hexahedral or octahedral crystalline imprints. Stone of integument not very 
thick, containing elongated fibres, inner cuticle of integument delicate showing straight walled elon- 
gated cells, 95 « long X 20 « wide. Micropylar canal 147 u long X 77 u wide at top, 147 « wide at base. 
Nucellus thickly cutinized, showing an excavated pollen chamber on top, chamber about 161 u deep, 
surface cells of pollen chamber wall with wavy outlines, 57 u X 14 u in size, cell walls about 2 « thick, 
amplitude of sinuousities averaging at 4 u, rim of pollen chamber wall divided into elongated processes 
radiating towards micropylar canal, cells of nucellar beak sinuous-walled, radiating downwards from 
its apex, nucellar cells elsewhere more deeply sinuous, average amplitude of sinuousities 10 «, curves 
occasionally becoming angular, walls sometimes forming peg-like growths into lumina of cells. Micro- 
pylar canal and pollen chamber occasionally showing two-winged pollen grains averaging at 44 u X 36 u 
in size, chalazal hole about 402 « wide. Megaspore occasionally present, size 838 «u X 703 u, membrane 
upto 6 uw thick. 

Holotype. Slide No. 39. 


Description. More than three-hundred seeds have been referred to this species. Many of the 
seeds included under Pterygospermum raniganjense were obtained by bulk maceration with SCHULTZE’S 
method but the membranes of all seeds referred to this species show identical structure. Most of the 
seeds are compressed along their principal plane but out of these fifteen seeds are flattened somewhat 
in an obliquely vertical direction. Sixteen seeds are compressed laterally showing the lateral ridge in 
the middle and appearing narrower than the others. On the margin of the seeds extracted with HF an 
almost complete wing or its fragments are usually present. The wing is continued on either side of the 
micropyle. It may become narrower towards the chalazal end (PI. 9, figs. 8, 9; Text-fig. 3, A) but in some 
specimens it appears to be fairly wide even at the base (Pl. 9, fig. 7; Text-fig. 3, F). Sixty-three seeds 
show intact micropylar canals. A pollen chamber is more or less clear in most of the macerated seeds where 
the micropylar end is seen. Among ninety seeds showing suitable micropylar ends, fifty show pollen 
grains either in the micropylar canal or in the pollen chamber or in both. A chalazal hole is seen in 
112 suitably preserved seeds. The seeds are 0.94—1.57 mm long X 0.54—1.17 mm wide. 


On the addition of alkali to seeds macerated with HNO, + KC1O, + NH,OH, they yield fragments 
of a delicate outer membrane showing usually obscure outlines of polygonal cells and often having 
crystalline imprints either anywhere on the surface of the cells or above their boundaries. The crystals 
may sometimes show 1—3 short or long tail-like outgrowths which may represent some kind of stalks. 
The cell outlines seen in the crystalline membrane agree with those seen on the surface of an unmacer- 
ated seed. We, therefore, regard this membrane as the outer cuticle of the integument — a fact which 


Text-fig. 3. A—Q, Pterygospermum raniganjense gen. et sp. nov.; R, Nucellar cuticle of an unnamed larger 
seed; S—U, Pterygospermum sp. A. A—F, compressed seeds. The seed in A, shows an almost complete wing. 
The wings of others are variously broken (see also PI. 9, figs. 7—9). A, Sl. 58. B, Sl. 38. C, Holotype, SI. 39. 
D, Sl. 37. E, Sl. 155. F, Sl. 37. A—F X 25. G, surface cells of seed in F X 125. H—Q, macerated seeds. The 
black dots represent pollen grains. Seeds in O, P, Q, are more or less laterally compressed. J, an obliquely 
compressed seed showing pollen chamber in top view. H, Sl. 50. I, Sl. 44. J, Sl. 66. K, SI. 47. L, Sl. 45. 
M, SI. 53. N, Sl. 48. O, SI. 69. P, Sl. 49. Q, Sl. 67. H—Q X 25. R, nucellar cuticle of seed with a ridge in the 
middle. SI. 86. X 10. Sand T, surface cells of seed in U. Some cells show median dots (papillae?). Sl. 68. X 125. 
U, seed showing marginal tissue. X 25. 
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is confirmed by a foliar cuticle showing a seed-like impression with crystalline imprints all over its 


surface (see Pl. 10, fig. 14 and description below). The addition of alkali also yields elongated fibres which 
usually go into solution. These fibres come out of the substance of the integument lying between its 
outer and inner cuticles. The substance of the seed is thin. Next to the outer membrane is seen a thin 
delicate cuticle closely covering the nucellar cuticle right upto the chalaza; this, we believe, is the inner 
cuticle of the integument. It shows longitudinally elongated cells with thin, straight-walls. Towards 
the top this membrane is continued as the cuticular lining of the micropylar canal. The canal is a 
narrow passage, 76—250 u long, its opening is 61—112 « wide and its base is 92—214 « wide. In the 
above measurements we regard the length of the micropylar canal as the distance between its preserved 
opening and the level where the gradually widening base of its cuticular lining approaches the nucellar 
cuticle at an angle and thereafter becomes parallel to it and continues as a closely appressed membrane 
on its outer side (the inner cuticle of the integument). The width of the canal from its opening to about 
half of its length is uniform but afterwards it gradually widens out. Portions of the outer cuticle of 
integument are sometimes seen attached at the top of micropylar canal (Text-fig. 5, C, D). 

The wall of the excavated pollen chamber, which is present at the top of the nucellar beak (PI. 10, 
fig. 15; Text-fig. 6, B), is made up of conspicuous elongated sinuous-walled cells. From the rim of the 
wall arise elongated processes which often radiate towards the micropylar canal and project into it 
upto about half of its length. Sometimes the tip of the nucellus may itself slightly project into the base 
of the micropylar canal (Pl. 9, fig. 13; Text-fig. 5, A). Pollen grains may sometimes be seen resting on 
or in between these processes. In ten specimens a dark brown megaspore showing a granular mem- 
brane upto 6 « thick is recognizable. The various specimens with or without the megaspore membranes 
are otherwise identical and it is possible that the seeds without the membranes either represent earlier 
stages of development or their membranes have been lost during preservation or maceration. In the 
seeds of Lagenostoma too a megaspore membrane is not always present (see Scott 1923, p. 69). 

Some seeds have been found entangled in larger delicate cuticular fragments but these may only 
be foliar cuticles of some kind. A piece of a tough cuticle apparently looking like that of a leaf shows 
a single clear impression of a seed (or its closely adhering outer cuticle?), where the crystalline imprints 
of the outer membrane are seen all over its surface. The cells of the overlapped cuticle are straight 
walled, 36—72 u long X 22—50 u wide with cell walls 4—9 u thick. 

The pollen grains seen inside the micropylar canal and pollen chamber of the various seeds are 
two-winged and their usual range of size is 33—59 u long X 22—45 u wide. However, two seeds show 
exceptionally large pollen grains, size 91—100 u X 75—77 u (Pl. 9, fig. 10; Text-fig. 5, C, D). In two 
other seeds the pollen grains show a striped body. The average size of these pollen grains is 64 u X 32 u. 
The size of the seeds showing striped pollen grains is 1.23 mm long 0.88 mm wide and therefore within 
the range of P. raniganjense but unfortunately the outer membranes of these seeds, which were ob- 
tained by bulk maceration, have been entirely lost. 

Comparison. An imperfectly known seed Spermatites indicus Srivastava (1954) based on a few 
apparently incomplete specimens may belong to P. raniganjense but in the absence of essential details 
it is impossible to assign it to our species. In having a wing P. raniganjense resembles Pterygospermum 
sp. À but the latter is larger in size (its size being 2.34 mm X 1.26 mm). 


Pterygospermum sp. A 
(Text-fig. 3, S—U) 

Text-fig. 3, U shows a seed 2.34 mm 1.26 mm in size, which is much larger than any of the seeds 
included, here, under P. raniganjense. In showing fragments of a wing on the sides of the seed and in 
its structure this seed is essentially like P. raniganjense. It is almost of the same size as Platycardia 
bengalensis but is clearly different from it in having a wing and in lacking surface processes. It is not 
described as a species because only a single specimen was obtained. 
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Text-fig. 4. Pterygospermum raniganjense gen. et sp. nov. A, nucellar cuticle showing cells with sinuous- 
walls and peg-like growths. SI. 55. X 200. B, two winged pollen grain from the micropylar canal of the seed 
in Text-fig. 3, H X 800. C, top part of the seed in Text-fig. 3, K more magnified to show pollen grains in the 
micropylar canal and sinuous walled cells of the pollen chamber wall. A part of the outer cuticle of inte- 
gument with crystals is seen overlapping some portions. The inner cuticle of integument bounding the micro- 
pylar canal is continued downwards as a thin membrane covering the nucellar cuticle (see also Pl. 9, figs. 11, 
12). 250. D, top most two winged pollen grain from the micropylar canal of C X 800. E, an unusual two 
winged pollen grain showing transverse striations in the body from the pollen chamber of a seed. SI. 65. X 800. 
F, outer membrane of integument showing crystalline imprints. SI. 59. X 200. G, a two winged pollen grain, 
showing striations on the body, from the micropylar canal of a seed. SI. 64. X 800. H, chalazal hole of a seed. 
SL. 63. X 125. 
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Genus Platycardia nov, 


Generic diagnosis. Seed, platyspermic, orthotropous, unwinged, outer cuticle of integument 
thin, rim of pollen chamber wall showing elongate processes, nucellar cuticle tough, appressed to inner 
cuticle of integument upto chalazal hole, micropylar canal long, pollination typically by disaccate pollen 
grains. 

Type species. Platycardia bengalensis n. sp. 

Discussion. The genus differs from Stephanostoma, in lacking a funnel like structure at the 
micropylar end and from Pterygospermum in the absence of a wing. The structure of the cuticles in 
all these three seeds is, however, markedly similar. 

The generic name refers to the flattened cordate shape (Greek cardium = heart) of these seeds. 


Platycardia bengalensis n. sp. 
(Pl. 10, figs. 17—23; Text-figs. 2, F, 7, 8) 

Diagnosis. Seed, flattened, orthotropous, 2.2 mm long X 1.88 mm wide X 1.15 mm thick, oval, 
micropylar end obtusely pointed, chalazal end broad, surface showing numerous small processes upto 
215 u long, surface cells of seed longer than broad, 50 « by 25 u, tending to be arranged in longitudinal 
rows, cells narrower over lateral ridges, lateral walls of surface cells almost straight or slightly sinuous, 
surface of cells often showing median dots (? papillae), integument not very thick. Cuticles: outermost 
cuticle (outer cuticle of integument) upto 1 « thick, showing cells like those on surface of seed, but 
surface often showing crystalline imprints, crystals rhombohedral, hexahedral or octahedral; crystals 
seen over surface of cells or over radial walls. Occasionally a second granular membrane with imprints 
of elongated cells present, otherwise separate fibrous cells always seen. Surface of membrane of fibrous 
cells showing scalariform bars, occasionally also showing marks of crystals. Inner cuticle of integument 
closely appressed to nucellus, extending upto chalazal hole, towards top forming a narrow micropylar 
canal, 153 « long, 178 u wide at top, 224 u wide at base, surface of cuticular lining showing straight- 
walled longitudinally elongated cells, 105 uw long X 24 « wide, cells at chalazal end shorter, sometimes 
with slightly sinuous sides, nucellar membrane tough, upto 2 « thick, an excavated pollen chamber seen 
on top of nucellus, pollen chamber 150 « deep, wall of pollen chamber showing sinuous-walled elon- 
gated cells, rim of pollen chamber wall showing processes towards micropyle, apices of processes usu- 
ally one cell wide, often extending into micropylar canal, cells of pollen chamber wall 60 « X 15 w, 
amplitude of sinuosities averaging at 4 «, lateral walls 2 « thick, nucellar cuticle elsewhere showing 
more deeply sinuous cells, amplitude of sinuosities averaging at 14 u, sometimes curves becoming 
angular or forming projecting peg-like growths into lumen of a cell, lateral walls 5 w thick, chalazal 
hole about 800 u wide, a megaspore sometimes present, size about 1 mm X 1.25 mm, thickness of mega- 
spore membrane upto about 7 u. Pollination typically by two-winged pollen grains, size of pollen grains 
60 u X 45 u. 

Holotype. Slide No. 71. 

Description. Ninety-five seeds have been referred to this species and out of these twenty-five 
seeds show intact micropylar and chalazal ends. Almost complete micropylar canals are seen only in 
three specimens, the pollen chamber region can be recognized in thirty specimens and eight seeds show 
pollen grains either inside the micropylar canal or the pollen chamber. Most seeds are flattened along the 
principal plane but out of these fourteen seeds are compressed somewhat vertically obliquely. Only 
five seeds appear to be laterally compressed, being narrower and showing a ridge in the middle. 

The size of the seed ranges between 1.9—3.04 mm in length and from 1.26—2.68 mm in breadth. 
They usually show small blunt ended processes scattered irregularly all over their surface (PI. 10, figs. 17, 
18; Text-fig. 7, A, B, C). 

A striking feature of the seed is a granular membrane sometimes seen between the outer and inner 
cuticles of the integument (Pl. 10, fig. 19; Text-fig. 8, D). Very often it breaks up into long fibrous frag- 
ments (cells) on the addition of alkali but sometimes fairly big pieces may remain intact and these show 


Palaeontographica. Bd. 107. Abt. B. 7 


ts ie 


Text-fig. 6. Pterygospermum raniganjense gen. et sp. nov. A, C, E, seeds with mega- 
spore membranes, area occupied by membrane shown stippled (see also Pl. 10, fig. 16). 
A, Sl. 57. C, SL 56. E, Sl. 60. A, C, E X 25. B, seed in Text-fig. 3, N, more magnified to 
show numerous pollen grains in the pollen chamber. Nucellar processes arising from 
the rim of the pollen chamber wall have entered the base of the micropylar canal (see 
also Pl. 10, fig. 15). X 200. D, obliquely compressed seed in Text-fig. 3, J, further magnified 
to show the top view of the pollen chamber, the lighter shaded border towards the top 
is of the overlapping inner cuticle of integument X 200. 


imprints of elongated cells with scalariform marks. Probably this membrane or its fragments represent 
a resistant mantle of fibrous or tracheidal cells in the integument. Both of these membranes show im- 
prints of crystals and obscure rounded bodies (papillae?). The crystals may occasionally show 1—3 
short or long tails arising almost diagonally opposite to each other. The tails have a thick base but 
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Text-fig. 7. Platycardia bengalensis gen. et sp. nov. A—C, compressed seeds showing a number of small 

processes on the surface. A and B, clearly showing chalazal hole. C, somewhat laterally compressed seed 

showing a ridge on the right (see also Pl. 10, fig. 18). A—C, SI. 72. X 25. D, a process from the surface of 

a seed magnified. Sl. 72. X 125. E, surface cells of a seed (see also Pl. 10, fig. 20). Sl. 72. X 125. F—I, 

macerated seeds showing micropylar canals. The seed in H shows pollen grains (shown black) inside its 

canal and pollen chamber and the seed in I shows a megaspore membrane (stippled) and a single pollen 
grain in its canal. F, Sl. 83. G, Sl. 84. H, SI. 81. I, Sl. 82. F—I X 25. 
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gradually taper into a thread-like end giving a kite-like appearance to the crystal. The inner cuticle 
of the integument and the cuticle of the nucellus extend right upto the chalaza. Towards the top the 
inner cuticle of integument forms the micropylar canal. 

The nucellar cuticle is dark coloured, having sometimes small thin or thick round areas like 
those figured by Panr (1958) in Semenites (Spermatites) tetrapterus. Its surface shows thick walled 
cells which are deeply sinuous (PI. 10, fig. 23; Text-fig. 8, F). The large central space of the nucellus is 
sometimes occupied by a megaspore. The surface of the megaspore membrane has a grainy appearance 
and it encloses dark matter. At the top of the nucellus an excavated cup-like pollen chamber is seen. 
The wall cells of the chamber are mostly sinuous and its floor shows short cells at the periphery, which 
may often be seen in the form of a ring in a top view of the nucellar beak (Pl. 10, fig. 22; Text-fig. 2, F). 
Elongated processes, usually only one cell wide at the top, radiate from the rim of the pollen chamber 
wall. Sometimes these enter the micropylar canal where two-winged pollen grains are often entangled 
between them. Occasionally a few pollen grains are also seen in the pollen chamber. The size of the 
pollen grains is 50—90 u long X 35—50 u wide, and they have a round or an oval body with two lateral 
wings showing reticulate thickenings. The pollen grains found inside the seeds of Platycardia benga- 
lensis agree in size and form with those of Arberiella vulgaris and it is possible that the seeds and 
sporangia both belong to the same plant species. 

Comparison. P. bengalensis is clearly larger than either Stephanostoma crystallinum or Ptery- 
gospermum raniganjense (P. bengalensis is 2.2 mm X 1.88 mm while S. crystallinum is upto 1.5 mm 
x 1.1 mm and P. raniganjense is 1.32 mm long X 0.9 mm wide). P. bengalensis and S. crystallinum have 
processes on their surface but the processes in P. bengalensis are more numerous, smaller in size (215 u 
long) and are almost equally distributed over the entire surface of the seed. The processes in S. crystal- 
linum are fewer in number, they are proportionately larger (292 « long) and are generally distributed 
near or along the lateral ridges from where they may be seen projecting beyond the margin of the seeds 
(those of P. bengalensis project, if at all, only slightly beyond the margin). The micropylar canal in 
P. bengalensis is longer as compared to that of Stephanostoma crystallinum, where the short canal ends 
in a distinct funnel-like structure. Both P. bengalensis and P. raniganjense lack this funnel-like struc- 
ture but P. bengalensis differs from P. raniganjense in having surface processes (P. raniganjense has 
none) and in the absence of a wing or its remnants (in seeds of P. raniganjense, these are present). The 
fibrous membrane often seen in P. bengalensis is usually absent in S. crystallinum and in P. raniganjense 
but all of these yield fibrous cells usually dissolving in ammonia. In its size and shape P. bengalensis 
agrees also with the seed-like bodies described elsewhere in this paper (see p. 52) but the latter show no 
processes on the surface. A membrane, with outlines of fibrous cells like the one seen in P. bengalensis, 
is also present in the seed-like bodies described in this paper and they also sometimes show a sinuous- 
walled cuticle like that of the nucellus of P. bengalensis. The nature and position of these membranes 
in these seed-like bodies is, however, uncertain. It is possible that the seed-like bodies may turn out to 
be some badly preserved seeds of P. bengalensis type but the details of their structure are not clearly 
understood and their actual nature is, therefore, uncertain. The only other comparable and struc- 
turally known seeds described from the Lower Gondwana rocks of India are those of Walkomiella indica 
SURANGE & Sincu (1953). The size of the seeds of W. indica is about the same as that of P. ben- 
galensis (W. indica 2—2.3 mm X 1—1.5 mm in size) but the nucellar cuticle in W. indica shows qua- 
drangular or polygonal straight wälled cells while that of P. bengalensis shows deeply sinuous thick- 
walled cell outlines. 


Nucellar cuticles of seeds 
(Text-fig. 3, R) 
Description. Bulk maceration of shales with Schurrze’s method yielded two nucellar cuticles 


with small portions of a surrounding membrane (probably the inner cuticle of the integument). Their 
size is 4.83 mm 2.36 mm. One of them shows nucellar processes at the micropylar end and its cells 
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at this end are wavy or straight walled. The surrounding membrane shows elongated cells. The nucel- 
lus shows a longitudinal fold (or ridge?) as described by Panr (1958) in Semenites (Spermatites) 
tetrapterus n. comb. The size of our nucellar cuticles also agrees with that of Semenites tetrapterus 
(the latter are 3—4.5 mm X 2—2.5 mm). The nature of the surface cells of the integument of our 
nucellar cuticles is, however, unknown and it is useless to discuss their affinities till they are more 


completely known. 
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Text-fig. 9. Seed-like bodies. A, B, compressed seed-like bodies. Sl. 101. C, a macerated 

specimen whose apex resembles the basal end of a micropylar canal and its base shows a 

rupture apparently looking like a chalazal hole (see also PI. 11, fig. 25). SI. 94 A—C X 95. 

D, slightly sinuous-walled surface cells of seed-like body in B X 200. E, apex of a seed-like 

body which looks like the base of a micropylar canal. An obscure spore (dark stippled) is 
seen at the top. SI. 93. X 200. 


Seed-like bodies 
(Pl. 11, figs. 24, 25; Text-fig. 9) 


Description. Forty-three specimens of flattened seed-like bodies 2.36 mm 1.8 mm in size 
were obtained. Pl. 11, figs. 24, 25, show the typical form and structural details of these bodies. As a 
result of maceration fragments of a delicate membrane come out first (on addition of alkali). These show 
obscure cell outlines rarely having crystalline imprints. After the release of the fragments of this mem- 
brane, appears a layer of fibrous cells extending all over the surface. Sometimes thin walled short cells, 
like those seen in the chalazal region of the inner cuticle of integument in Platycardia bengalensis, are 
also seen at the broad end. At the pointed ends of some specimens is seen, what appears to be the basal 
part of a thin and delicate micropylar tube-like structure (Text-fig. 9, E). This may show adhering two- 
winged spores. A few specimens show cells like those of the pollen chamber walls of Stephanostoma, 
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Pterygospermum and Platycardia. Two specimens show at places a membrane with cells having thick 
sinuous walls overlapped by the cuticle with fibrous cells. A hole was seen at the broad end in five 
specimens. Sixteen specimens show large numbers of spores scattered all over and filling the interior 
of the fibrous membrane (Pl. 11, fig. 24). They are of diverse sizes and forms, being usually oval and 
two-winged, 45—110 u X 25—75 u in size, their body often showing horizontal stripes. Some unwinged 
monolete spores, 25—90 u X 15—65 u in size, have also been observed mixed with the two-winged 
spores. The exine of unwinged spores shows irregular folds. A sinuous-walled membrane is absent in 
all such seed-like bodies which show scattered spores inside the fibrous cuticle. As already suggested 
the general structure of these bodies and the occurrence of two cuticular membranes occasionally over- 
lapped by a third membrane with sinuous-walled cells (like the nucellar membrane of other seeds 
described here) suggests that these bodies may be seeds. In that case the large number of diverse two- 
winged and other types of spores found scattered inside the membrane of these bodies may have 
somehow got inside their disorganized interior but the specimens at our disposal do not enable us to 
say this with certainty. 


Sporangia 


The various types of sporangia described here, occur in the form of carbonized compressions, either 
singly or in detached groups. They are referred to three form genera which are based on the charac- 
teristic form of the sporangia, their wall and spores. Of these only Arberiella was observed on the sur- 
face of pieces of shale, others were isolated from the rock by treating it with HF or Schurtze’s fluid. 
Many a time the sporangia are found empty but the spore size has been determined on the basis of the 
spores contained in sporangia which are still full of them. The size range of spore species can perhaps 
be determined with greater precision when undehisced sporangia full of spores are available. This is 
particularly important in the case of macerated material which yields many a sporomorph with such 
tremendous variation and imperceptible gradation in size that it is well nigh impossible to recognize 
species and yet it is indubitable that a number of them are involved. In any case the size range of 
spores from undehisced sporangia can always serve as a useful check for “species” of “Sporae dispersae”. 


Genus Arberiella nov. 

Generic diagnosis. Compressed unilocular sporangia, occurring isolated or in detached groups, 
sometimes showing branched or unbranched slender stalks, surface cells elongated, dehiscence longi- 
tudinal, spores disaccate. 

Typespecies. Arberiella africana n.sp. 

Discussion. It was Dr. E. A. Newerı Arsger (1905, 1905 a) who first described such bodies and 
recognized their sporangial nature; the genus is therefore named in honour of their discoverer. Since 
then similar bodies have been described by various authors from the Lower Gondwana rocks of different 
regions. ARBER (1905) pointed out the similarity between his sporangium-like bodies and the sporangia 
of Cycadales e.g., Stangeria (Lang 1897, 1900). The two types of sporangia are doubtless similar in the 
general appearance of surface cells, longitudinal dehiscence and in possessing an inner granular cuticle 
with polygonal cell outlines. Nevertheless, they differ in some details which may indicate that they do 
not belong to closely related plants. Unlike the sporangia of Arberiella, some of which have been found 
attached terminally to branched stalks, all cycadean sporangia have short unbranched stalks which are 
inserted directly on the lower surface of microsporophylls. The sporangia of Cycadales can only get 
detached singly but the frequent occurrence of the sporangia of Arberiella in groups indicates that they 
were shed in bunches whose individual members were possibly still connected by their stalks. All 
cycadean sporangia have a cap of smaller cells at the apex and all of them, except those of Cycas and 
Dioon have stomata on the sporangial surface. On the other hand, not a single one among the large 
number of specimens of Arberiella which we have observed show any cap cells or stomata. The slit of 
dehiscence in cycadean sporangia is lined by narrow cells but we could not recognize any such cells in 
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our sporangia. On the contrary the fossil sporangia often show twisted cells at the apex. Possibly the 
dehiscence was controlled in some way by the tension of this twisting of the wall cells as in the fruits 
of Impatiens or their untwisting. A difference of even greater importance is the occurrence of two 
winged spores in Arberiella, while the spores of all Cycadales are unwinged. THomas (1958) has com- 
pared these sporangia with those of Pteruchus (p. 187) which also possess two winged spores and have 
elongated surface cells. It appears that sporangia of this type are of wide spread occurrence in the 
Lower Gondwana rocks everywhere. Pant (1958) described some Australian specimens of such sporangia 
attached to two rounded concave discs and if Tuomas (1958) is right some others might have been 
borne by the peltate “cupules” of Lidgettonia africana. Panr’s sporangial discs and the cupules of 
Lidgettonia described by Tuomas, however, look so dissimilar that they could hardly belong to a single 
genus. The possibility exists that these similar looking sporangia could belong to diverse plants, 
although both the sporangial discs and the peltate cupules may well represent the fructifications of 
plants of the same general alliance. As suggested by Pant (1958) and Tuomas (1958) such plants may 
have been having leaves of the Glossopteris type, but so far the evidence for this is only ‘based on wide- 
spread association in the field. 
Arberiella africana n. sp. 
(Pl. 11, figs. 30, 31) 

1958 “Sporangia-Specimens from Mhukuru” Pant, p. 161—163. Pl. 21, Figs. 1—6; Text-figs. 16, 17, A—D. 

Diagnosis. (Based on the Pant’s description of sporangia from Mhukuru coalfield.) Sporangia, 
occuring singly or in detached groups, sporangial stalk slender, often attached asymetrically, 1 mm 
long, upto 200 u thick, freely branched, ultimate branches more slender, each terminating into a single 
sporangium, stalks sometimes showing a strand with scalariform tracheids, about 8 « wide. Sporangia 
oval, often with one side nearly straight, other side strongly curved, upto 3 mm X 1.25 mm in size, 
surface cells elongated, thick and uniformly dark, 150—400 u long and 6—35 u wide, tending to be narrow 
towards apex and base, sides of cells straight or slightly sinuous, dehisced sporangia showing a widely 
gaping slit and often appearing boat shaped. Sporangia showing two cuticular coats, outer cuticle 
smooth, showing cell outlines as in sporangial surface but sometimes cells showing median marks 
(papillae), inner granular membrane showing straight or slightly sinuous-walled isodiametric polygonal 
cell outlines, cells about 40 « across. Spores oval, two-winged, 40—55 u long X 25—30 u wide, wings 
showing reticulate thickenings. 

Holotype. Brit. Mus. (N.H.) Palaeont. Dept. no. V. 34459. 

Locality and horizon. Mhukuru coalfield, Songea District, Tanganyika; Ecca Series (“Upper 
Coal Measures’’). 

Description. Sporangia of Arberiella africana are frequently found in bunches. Some of them 
were found by Pant (1958) to be borne terminally on branched stalks. Two winged spores similar to 
those found in these sporangia were reported by Pant (1958) to occur in the micropylar canals and 
pollen chambers of the seeds of Stephanostoma crystallinum and Semenites tetrapterus n.comb. The 
evidence of pollination therefore suggests that the sporangia belong to the same plants which bore these 
seeds, although the occurrence of similar pollen grains in two types of seeds may indicate that either 
A. africana is a composite species or one or the other of these seeds is pollinated by foreign pollen grains. 


Arberiella vulgaris n. sp. 
(Pl. 11, figs. 26—29; Text-figs. 10, 11) 

Diagnosis. Size of sporangia 1.38 mm long X 0.61 mm wide, size of spores 70 u X 45 u, other 
details same as for A. africana. 

Holotype. Slide No. 103. 

Description, discussion and comparison. The material from Raniganj yielded thousands 
of sporangia of this type; they are the commonest sporangia in our samples. Their structure and mode 
of dehiscence is similar to that of A. africana but none of the specimens of A. vulgaris are as large as 
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Text-fig. 10. Arberiella vulgaris n.sp. A—G, dehisced sporangia showing elongated cells on 

the surface. A, D, F, obverse sides of sporangia whose reverse sides are shown in B, E, G 

respectively (see also Pl. 11, fig. 27). A, Sl. 111. D, F, Sl. 97. C, a macerated sporangium almost 

vertically compressed and showing spirally twisted cells at the apex. Sl. 121. H, a typical 

two-winged spore showing fine transverse striations on the body from inside a sporangium 

(see also Pl. 11, fig. 29). Holotype, Sl. 103. A—G X 50, H X 800. (Figs. A, B, D—G drawn under 
Leitz Ultropak incident light equipment.) 


the largest ones of A. africana. The only important difference between the two species is in the size of 
their spores (spores of A. vulgaris are 50—85 u X 30—55 u and those of A. africana are 40—55 u 
x 25—30 u in size). A single sporangium with large spores (70 u X 50 u) is also mentioned by Pant, 
who suggests that it may belong to another species. The size of the spores of this solitary sporangium 
as well as that of some others described by Pant from Australia is comparable with that of A. vulgaris 
and presumably they could all belong to the same species. In addition, Sen (1956) has described two 
winged spores of similar size and form (58—80 «) in sporangium-like cuticular sacs from Raniganj but 
the structure of their sporangial wall is inadequately known. One of our sporangia from the Raniganj 
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Text-fig. 11. Arberiella vulgaris n.sp. A and B, two closely lying dehisced sporangia borne 

terminally on a branched stalk. B, reverse of A (drawn under Leitz Ultropak incident light 

equipment, see also Pl. 11, fig. 26). Sl. 97. X 50. C—I, differently compressed spores from 
sporangia of A. vulgaris. C, D, H, I Holotype, Sl. 103. E—G, SI. 118. C—I X 800. 


coalfield is aberrant. Its spores are 95 uw X 80 « in size and it may belong to a third species. Most of the 
specimens of Arberiella found in our material from the Raniganj coalfield are seen to be full of two- 


winged spores but there are some which are dehisced and empty. This is in contrast with Panrt’s 
Mhukuru sporangia which were frequently found empty. 
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A few fragments of cuticles with polygonal straight-walled cells, about 40 u long X 31 wide and 
5 4 thick, show occasional impressions of sporangia of Arberiella type. In these the outlines of the elon- 
gated surface cells of the sporangia are often clearly marked. Similar impressions of seeds have 
already been described (p. 48). There is no indication of any attachment in either case. It appears that 
these are foliar cuticles on which the sporangia got impressed after being shed. 


Genus Lithangium nov. 


Generic diagnosis. Compressed unilocular sporangia, occurring isolated or in detached groups, 
surface cells relatively short, spores monolete. 


Type species. Lithangium ovoides n. sp. 


Discussion. The genus Lithangium differs from Arberiella mainly in its relatively shorter sur- 
face cells and in having unwinged monolete spores. 


Lithangium ovoides n. sp. 
(Pl. 11, figs. 32—36; Text-fig. 12) 
Diagnosis. Sporangia, isolated or in detached groups, shape nearly round or oval, size 832 u 
X 585 u; surface showing sinuous-walled polygonal cells, often longer than broad, 88 u long X 33 u 
wide; cuticle present but delicate; spores unwinged, round or oval, monolete, average size 55 u X 45 u, 
exine 4 u thick, showing irregular folds on surface, spores usually smooth-walled, rarely showing small 
spines. 
Holotype. Slide No. 125. 


Description. Thirtyseven sporangia of this type were obtained. They are usually found iso- 
lated but in two cases they occur in small groups (Pl. 11, fig. 32; Text-fig. 12, A). Whatever variations in 
their shape are seen, may be due to the plane of flattening. The size of sporangia ranges between 675 
to 967 uw in length and 495—880 « in breadth. Except for a solitary specimen showing a slender stalk- 
like structure, apparently attached to one face of a sporangium and another one showing on the surface 
a linear mark (? line of dehiscence) no stalk or dehiscence mark is seen in any other specimens and it is 
therefore not possible to say if stalks or dehiscence marks were present. The wall of the sporangium 
shows polygonal cells. The surface of some of these cells shows small round dots (? papillae) and some- 
times a fine reticulum is also seen (see Pl. 11, fig. 33). Addition of alkali usually dissolves the cuticle but 
sometimes small fragments of a membrane, showing vague outlines of cells, may remain. On the addition 
of alkali the spores of a sporangium tend to separate out but some may still remain sticking together in 
smaller or larger groups. The range of size of spores is 25—75 u X 20—60 u. They vary from nearly 
round to oval or almost spindle shaped bodies, depending on the plane of compression, opening and 
closing of the furrow or surface folds. Some sporangia show a few unusually small (abortive) spores 
but the normal spores of all sporangia are identical. The smallest abortive spore observed measures 
25 u X 20 u. A monolete mark is usually visible in suitably compressed spores. Sometimes a number of 
irregularly distributed perforations or pit-like structures may be seen in the exine — these, we believe, 
are caused by bad preservation. In some spores minute spines may be seen at the margin (Text-fig. 12, E). 

Comparison. The size, form and surface cells of L. ovoides are like those of L. indicum but their 
spores are different. The spores of L. indicum are smaller in size, showing anastomosing ridges on the 
outer surface, whereas the spores of L. ovoides are larger and almost smooth (spores of L. indicum are 
45 u X 35 u, those of L. ovoides are 55 u X 45 u). 

Lithangium surangei n. sp. 
(Pl. 12, figs. 3742; Text-fig. 13) 

Diagnosis. Detached, round or oval sporangia, size 1.2 mm 1.07 mm, showing unwinged mono- 
lete spores, spores 80 u X 60 u in size, exine 6 « thick, often showing an elongated slit, ends of slit point- 
ed, surface of spores showing fine striations running parallel to slit. 
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Text-fig. 12. Lithangium ovoides gen. et sp. nov. A, group of oval sporangia (see also Pl. 11, fig. 32). 

Sl. 124. X 50. B and C, detached single sporangia. B, Sl. 130. C, Sl. 157. B, C X 50. D, surface cells 

of a sporangium (drawn under Leitz Ultropak incident light equipment). Holotype, SI. 125. X 200. 

E—J, various views of spores from inside a single sporangium. E, abortive small spore with minute 

spines seen clearly at the margin. Spores in F and I show the slit and J, shows two spores one of 
which is much smaller (abortive). E—I, SI. 131. 800. 


Holotype. Slide No. 142. 


Description. Only two isolated sporangia were found. They closely resemble those found 
attached to an elongated fructification described by Surance (1957). The spores of L. surangei are also 
similar to those found in SuraNce’s fructification but we could not observe any unmacerated specimens. 
The species is accordingly named after Dr. K. R. Surance. The plant to which Surance’s fructification 


or these sporangia belong is unknown and at this stage it is useless to speculate on its possible affinities 
on the basis of dubious association evidence. 


Palaeontographica Bd. 107. Abt. B. ad p. 59. 


Text-fig. 13. Lithangium 
surangei n. sp. A—F, 
variously compressed 
spores all from a single 
macerated sporangium 
showing striations of 
the exine (see also Pl. 12, 
figs. 38, 42). C, D, F show 
slits. Sl. 142. X 800. 


i rangium 
Text-fig. 14. A—E, Lithangium indicum n. sp. F—L, Polytheca elongata gen. et sp. = AN we 4 a 5 
Sl. 132. X 50. B—E, variously compressed spores showing anastomosing ridges in t à = RE Be: 
show lenticular slits. Holotype, Sl. 133. X 800. G, H, J, L macerated pry ee We be a re 
sporangia full of spores. The sporangia in H are bent (see also PI. 12, fig. 46). 2 ne pire Ben 
L, Holotype, Sl. 137. G, H, J, L X 45. F, I, K isolated sporangia. The sporangium fee ; 
cells on the surface. F, Sl. 147. I, Sl. 149. K, Sl. 148. F, I, E 
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Lithangium indicum n. sp. 
(Pl. 12, figs. 43—45; Text-fig. 14, A—E) 

Diagnosis. Sporangia, small, 630 u X 515 u in size, round or oval, surface cells polygonal, 65 « 
long X 21 u broad, cell walls sinuous, sporangial cuticle delicate, sporangia full of spores, spores mono- 
lete, round or oval, 45 u X 35 u in size, exine 4 « thick, showing anastomosing ridges on surface, ridges 
about 2 « high, surface of some spores minutely echinate, spines upto 2 u high, translucent. 

Holotype. Slide No. 133. 

Description. Eight sporangia have been referred to this species. They are usually oval or 
rounded bodies, 540—890 u X 450—800 u in size. Cells of the sporangial wall may sometimes show 
small round papillae on their surface. None of our specimens show a dehiscence mark and all are full 
of numerous spores. Addition of dilute ammonia to macerated sporangia releases fragments of a delicate 
membrane along with the numerous spores filling the sporangia. The cuticular fragments show obscure 
cell-outlines. The spores are monolete, ranging in size between 35—65 u in length and 30—45 u broad. 
The slit which is linear or lenticular extends almost from one end of the spore to the other. When seen 
in a suitable lateral view the proximal side of the spore appears almost flat and bears the monolete, 
while the distal side is markedly convex. The ridges and spines of the spore exine can usually be seen 
projecting beyond the margin of the spore. 

Comparison. The spores of L. indicum may be compared with the ridged and spinuous spores 
of Sphenophyllum but the latter are rounded and not monolete. Moreover, the spores of some species 
of Sphenophyllum are much larger e.g., in S. delectus they are about 80 u in diameter but the spores 
of L. indicum are only 45 « X 35 «in size. If found isolated, the microspores of L. indicum type would 
be classed as Periplecosporites Pant (1954). 


Genus Polytheca nov. 


Generic diagnosis. Compressed sporangia, found singly but often lying parallel in closely 
clustered groups, surface cells elongated; spores triradiate, monocolpate. 

Type species. Polytheca elongata n. sp. 

Discussion. This genus is different from Arberiella and Lithangium in having closely clustered 
parallel sporangia which contain unwinged trilete spores showing a single furrow on the distal side. 


Polytheca elongata n. sp. 
(Pl. 12, figs. 46—49; Text-figs. 14, F—I, 15) 

Diagnosis. Sporangia found singly or in closely aggregated groups of numerous sporangia, indi- 
vidual sporangia elongated, oval or tapering towards one end, size 1.3 mm long 0.25 mm wide in 
widest part, surface of some sporangia showing outlines of longitudinally elongated cells, 203 « long 
X 52 « wide, surface cuticle delicate, sporangia full of spores, spores tetrahedral and monocolpate, 
almost round or oval, small, 40 u X 30 uw in size, exine laminated about 4 « thick, verrucate; verrucae 
about 1 « in diameter and 0.5 u in height, tending to be arranged in rows, proximal face of spore hav- 
ing a small triradiate mark, individual rays about 6 « long, distal face showing a single wide unprotected 
furrow with rounded ends. 

Holotype. Slide No. 137. 

Description. Fourteen fragments show closely grouped elongated sporangia with their longi- 
tudinal axes lying parallel to each other. This may possibly indicate that they formed synangia as seen 
in some Pteridosperms. Nevertheless, since all our specimens have been obtained by bulk maceration 
with SchuLtze’s method and since about a hundred and eighty were found singly, it is not possible to 
say if their sides were originally free as in Potoniea or they were initially fused as in Dolerotheca but 
became detached by the dissolution of the intervening thin walled tissue. The size of the various 
sporangia ranges between 0.87—2.2 mm in length and 0.15—0.42 mm in width. They are usually broad 
at one end and gradually taper towards the other but there are others which are elongated oval bodies 


Text-fig. 15. Polytheca elongata gen. et sp. nov. A, an isolated sporangium showing marks of 

elongated cells on the surface. SI. 150. X 45. B, a group of macerated parallel sporangia full of 

spores (see also Pl. 12, fig. 49). Sl. 146. X 45. C, surface cells as seen in a macerated sporangium. 

Sl. 144. X 125. D—L, differently compressed spores from within the same sporangium. Sl. 138. 

D—K X 800. Spore in L highly magnified to show verrucae on the surface which tend to be in 

rows and layers of laminated exine at the folds. M, spore in G more magnified to show details 
(see also Pl. 12, fig. 48). L, M X 1200. | 


equally broad on either side. The sporangial cuticle is lost in most specimens leaving only indications 
of the elongated cell outlines but in two specimens small portions are intact. All sporangia are full of 
small spores. The range of size of spores is 30—45 u X 15—40 u. Many of the variations in the shape 
of the spores as shown in Text-fig. 15, D—M, are due to folds or various degrees of opening or closing 
of the furrow. The laminations in the exine are usually clearly seen at the folds or margins (Text- 
he: 1510 2M): 

Comparison. The fragments of sporangia of Polytheca elongata could be compared with those 
of some Pteridosperms, e. g., Crossotheca, Dolerotheca, Whittleseya, Potoniea, Pteruchus and others. 
Pteruchus shows elongated cells on the surface like those of Polytheca elongata but its spores are two 
winged. On the other hand the spores of P. elongata are more closely comparable to those of Potoniea 
and Crossotheca. Isolated spores of this type are included under the sporomorph Ptychotriradites Pant 
(1954). Similar spores have been described by BALME & HENNELLEY (1956) under another name, Marsupi- 
pollenites triradiatus. The general appearance of the spores of M. triradiatus is similar to that of the 
spores of Polytheca elongata but none of our spores are as large as the largest specimens of M. tri- 
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radiatus (size of spores of P. elongata is 30—45 u X 15—40 u while M. triradiatus is 42—73 u X 25—65 Wt). 
However, we are not in a position to make any detailed comparison of our spores with M. triradiatus 
because the type specimens of the latter are not available to us. 
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Text-fig. 16. Histograms depicting range of variation in the size of spores. 
A, Arberiella vulgaris n. sp.; B, Lithangium ovoides gen. et sp. nov.; C, 
L. surangei n. sp.; D, L. indicum n. sp.; E, Polytheca elongata gen. et sp. nov. 


Summary 


Detached compressions of oval seeds from the Lower Gondwana of India are described under the 
names: Pterygospermum raniganjense gen. et sp. nov., Pterygospermum sp. A and Platycardia benga- 
lensis gen. et sp. nov. A seed described by Pant (1958) as Spermatites crystallinus is referred to a new 
genus Stephanostoma on the basis of new and more complete specimens obtained from Pant’s original 
material. Stephanostoma crystallinum (PANT) n. comb. shows an open funnel at the micropylar end, the 
genus Pterygospermum is characterized by the presence of a wing or its remnants while Platycardia 
bengalensis shows neither of these structures. Stephanostoma crystallinum and Platycardia benga- 
lensis show characteristic processes near the margin or all over the surface of seeds. However, all the 
above seeds yield rather similar cuticles. The inner cuticle of integument surrounds a tough nucellar 
cuticle right upto the chalazal hole and continues as a micropylar canal at the top. One of their out- 
standing features is the occurrence of an excavated pollen chamber in the nucellar beak. The rim of 
the pollen chamber wall has characteristic tapering processes. The pollination in all these seeds is typi- 


cally by disaccate pollen grains. 
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Three new form genera viz., Arberiella, Lithangium and Polytheca are made for detached sporangia. 
In the genus Arberiella, which includes sporangia containing two winged spores of various sizes, two 
species, A. africana (from Tanganyika) and A. vulgaris (from Raniganj) are at present, distinguished 
mainly on the basis of the size of their spores. Lithangium shows sporangia with unwinged monolete 
spores of which the spores of L. surangei have fine striations on the exine, those ol pere have 
spores with anastomosing ridges while the spores of L. ovoides have neither ridges nor striations. The 
sporangia of Polytheca elongata occur in close parallel groups and have unwinged trilete monocolpate 


spores with verrucae on the spore coat. . ; 
In addition, some badly preserved seed-like bodies and nucellar cuticles of incompletely known 


seeds are also described. 
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Explanation of plates 


Plate 9 
Stephanostoma crystallinum (Pant) n. comb. 
Figs. 1—5. Seeds showing funnel-like structures at the micropylar end and processes on the sides. Fig. 2, shows a 
seed with stalk at the base. SI. 29. X 18. 
Fig. 6. Top part of a macerated seed showing a number of pollen grains (p. g.) inside the funnel-like structure (f.) 
and in the pollen chamber. SI. 32. X 114. 


Pterygospermum raniganjense gen. et sp. nov. 


Fig. 7. Unmacerated compressed seed showing portions of a wing at the margin. SI. 37. X 64. 

Fig. 8. Seed showing an almost complete wing. SI. 58. X 44. 

Fig. 9. Seed in Fig. 8 after maceration. X 26. 

Fig. 10. Micropylar end of a macerated seed showing a pollen grain of unusual size in the micropylar canal. SI. 61. 
x 114. 

Bis 11. _ A macerated seed showing two-winged pollen grains inside the cuticular lining of its micropylar canal. 
Sl. 47. X 73. 

Fig. 12. Micropylar canal of seed in Fig. 11 more magnified showing two-winged pollen grains and processes of 
pollen chamber wall. X 450. 

Fig. 13. Cuticular lining of the long micropylar canal of a seed showing thin walled elongated cells on surface. Its 


interior is packed with two-winged pollen grains, the tip of the nucellus projects slightly into the base of 
the canal. SI. 44. X 302. 


Plate 10 
Pterygospermum raniganjense gen. et sp. nov. 
Fig. 14. Impression of the entire outer crystalline membrane of a seed on a fragment of a foliar cuticle. SI. 51. X 85. 
Fig. 15. Micropylar end of a macerated seed. Its micropylar canal shows the tips of nucellar processes. The pollen 
chamber shows numerous two-winged pollen grains. Sl. 48. X 114. 
Fig. 16. Nucellar cuticle of a seed showing the megaspore membrane with its contents. SI. 60. X 65. 


Platycardia bengalensis gen. et sp. nov. 


Figs. 17,18. Seeds showing numerous small processes on the surface. Fig. 18, shows a somewhat laterally compressed 
seed with a ridge on the right. Fig. 17, Holotype, Sl. 71. X 22; Fig. 18, Sl. 72. X 22. 


Fig. 19. Portion of membrane found inside the outer cuticle of integument, showing scalariform elongated cell- 
outlines and imprints of crystals. The crystal (c) on the left hand side shows tail-like structures. SI. 85. X 347. 

Fig. 20. Surface cells of a seed. SI. 72. X 81. 

Fig. 21. A teased out portion of the nucellar cuticle of a seed. Towards the top it shows somewhat less sinuous 
cells of the pollen chamber wall (p. c.) but elsewhere the nucellar cells are usually deeply sinuous. Sl. 80. 
X 85. 

Fig. 22. Top view of the nucellar cap of a seed showing basal cells of the pollen chamber wall (p. ce. b.). SI. 78. X 115. 


ig. 23: Nucellar cuticle showing thick walled and deeply sinuous cell outlines. SI. 79. X 268. 
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Plate 11 
Seed-like bodies 


A seed-like body containing numerous scattered spores (sp.) of various types. SI. 89. X 26. 

A seed-like body whose membranes are similar to those of the specimen in Fig. 24, but without any spores 
inside it. Its top resembles the basal end of the micropylar canal of a seed and the rupture at the base looks 
like a chalazal hole. SI. 94. X 26. 


Arberiella vulgaris n. sp. 


Two closely lying dehisced sporangia borne terminally on a branched stalk. Their surface shows elongated 
cells and one of them shows the dehiscence line. SI. 97. X 65. 

A detached sporangium showing its stalk and line of dehiscence (I) and surface cells. SI. 111. X 65. 

A laterally compressed two-winged spore from within a sporangium. Holotype, Sl. 103. X 672. 

A dorsiventrally compressed two-winged spore with striped body from inside the same sporangium as 
His 280672 


Arberiella africana gen. et sp. nov. 


A laterally flattened detached and dehisced sporangium showing surface cells, apical portion of stalk and 
line of dehiscence. Sl. 96. X 44. 
A dorsiventrally flattened detached sporangium showing surface cells and apical portion of stalk. SI. 96. X 44. 


Lithangium ovoides gen. et sp. nov. 


A group of oval sporangia. Sl. 124. X 33. 

Wall cells of an unmacerated sporangium, some of them showing a fine reticulum on the surface. SI. 125. 
X 300. 

A macerated undehisced sporangium full of spores. Holotype, Sl. 125. X 65. 

A functional and an abortive spore (ab.s.) from inside a sporangium. Sl. 131. X 347. 

A group of functional spores and a single abortive spore (ab.s.) from inside a sporangium. SI. 130. X 347. 


Plate 12 

Lithangium surangei n. sp. 
A macerated sporangium full of spores. Holotype, Sl. 142. X 44. 
Variously compressed spores from inside the sporangium in Fig. 37. The spores in Figs. 38, 40, 41, show 
the slits. Fig. 38, X 506; Figs. 39—41, X 347. 
A spore from inside the sporangium in Fig. 37, highly magnified to show parallel striations of the exine. 
X 870. 

Lithangium indicum n. sp. 


A macerated undehisced sporangium full of spores. SI. 134. X 65. 
Spores from within a single sporangium showing linear slits and anastomosing surface ridges which project 
out at the margins. Holotype, Sl. 133. Fig. 44, X 347; Fig. 45, X 870. 


Polytheca elongata gen. et sp. nov. 


A group of macerated closely lying parallel sporangia full of spores. Holotype, Sl. 137. X 44. 


Spores from within a single sporangium showing triradiate marks and verrucae on the surface. Sl. 138. 
X 870. 


A group of macerated, closely lying, parallel sporangia full of spores. SI. 146. X 65. 
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Plate 1. 


F. L. Staplin: Upper Mississippian plant sports from the Golata formation. 
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Beiträge zur Naturgeschichte der Vorzeit 
Abt. A cee 

Paläozoologie — Stratigraphie 
Herausgegeben von Professor Dr. ©. H. SCHINDEWOLF, Tübingen 


Inhalt von Band 113 


Arthrodiren aus dem Obersilur der Prager Mulde. Von Professor Dr. Walter Gro B, Berlin. Mit Tafel 17 5 
und 8 Abbildungen im Text sowie auf 2 Beilagen. 35 Seiten. 


Die Fauna des westdeutschen Oberkarbons. I. Die inarticulaten Brachiopoden des westdeutschen flözführen- a 
den Oberkarbons. Von Dr. E. F. Vangerow, Aachen. Mit Tafel 8—12 sowie 12 er und as, 
2 Tabellen im Text und auf 7 Beilagen. 25 Seiten. Fe 


Die Muschelfauna des nordwestdeutschen Untermiozän. Von Dr. Hans-Joachim Anderson, Kiel. Mit Tafel re 
13—18 sowie 9 Abbildungen im Text und 2 Tabellenbeilagen. 119 Seiten. Ss 


Simosaurus guilielmi aus dem unteren Mittelkeuper von Obersontheim. Von Friedrich Freiherr von 4 uen Le, = 
Tübingen. Mit Tafel 19 und 3 Abbildungen im Text. 5 Seiten, 


Band 114 befindet sich zur Zeit in der Drucklegung. 


Zentralblatt für Geologie und Paläontologie 


Referierorgan für die gesamten Fachgebiete der Allgemeinen und Angewandten Geologie. 
einschl. Lagerstättengeologie, Regionalen Geologie, Historischen Geologie, Paläontologie _ 


Herausgegeben von 


Prof. Dr. Fr. Lotze Prof. Dr. O. H. Schindewolf 


Geologisch-Paläontologisches Institut Geologisch-Paläontologisches Institut 
der Universität Münster (Westf.) der Universität Tübingen 


Das Zentralblatt, das bis 1942 unter dem Titel „Neues Jahrbuch, Referate“ erschien, ist das älteste deutsche Referierorgan 
für die geologische und paläontologische Wissenschaft. — Unter der zielbewußten Führung der Herausgeber, die von einem. 2 
Stab von Mitarbeitern unterstützt werden, strebt das Zentralblatt eine möglichst vollständige, aber knappe Berichterstat- 5 
tung über die Weltliteratur an und ist bemüht, das wissenschaftliche Niveau der traditionsreichen Zeitschrift, deren Ur- 
sprünge bis auf das Jahr 1807 zurückgehen, weiterhin zu wahren und zu heben. Das Zentralblatt ist fiir die ARE der 
Geologen und Paläontologen unentbehriich. : 


Es erscheint in 2 einzeln beziehbaren Teilen, 
von denen jährlich 7 Hefte herauskommen. 


Teil 1: Allgemeine und Angewandte Geologie einschließlich Lagerstättengeologie, Regionale Geologie, herausgegeben u 
von Professor Dr. Fr. Lotze, Münster (Westfalen). 


Teil II: Historische Geologie und Paläontologie, herausgegeben von Professor Dr. Fr. Lotz e, Münster (Westfalen), 
Professor Dr. ©. H. Schindew olf, Tübingen. : 
Schriftleitung der Gebiete Historische Geologie: Professor Dr. Fr. Lotz = Munster (Westfalen), Paläontologie: 
Dr. A. Seilacher, Frankfurt (Main). ; 


Die Hefte des Zentralblattes werden einzeln bei Ausgabe berechnet. Der Preis eines Heftes richtet sich nach dem vide a 


Als Gegenstlick zum Zentralblatt für Geologie und Paldontologie erscheint im gleichen Verlag das 
Zentralblatt für Mineralogie (ebenfalls Referierorgan). Auskunft darüber wird gerne gegeben. 


